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ROCKS 



SALINE SUBSTANCES. 



A SALINE substance, according to the present ac- 
ceptation of the term, consists of an alkali, or earthj 
or metallic oxyd, chemically combined with any acid. 
This definition therefore includes almost all the na- 
tural forms of lime, strontian, and baryt; whicl: 
differ however so materially in their general charac- 
ters and relations from the minerals commonly 
denominated salts, and correspond so closely witi 
earths, that I have thought it convenient to clasi 
them with the latter substances. 

The term salt in the present instance is restrictec 
to those varieties which are remarkable for their tast< 
and solubility in water : but of these there arc onlj 
a few that can with propriety be introduced into j 
system of mineralogy ; and strictly speaking perhaps 
only one, which is common salt. This occurs in re- 
gular strata : the rest of those salts which are usually 
admitted into miueralogical systems appear to b< 
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fi SALINE SUBSTANCES. 

merely the result of the decomposition and alteration 
of other, minerals ; and might more properly, had not 
custom determined otherwise, form a part of the tiis- 
tory of tbose substances from wbidi thej tre de- 
rived. 



ALKALINE SALTS. 



Nitrate of Potjisjeu 

CtMtnon Nitre. 

Sal petra, or Saltpetre ; so called from the circudi* 
stance of its being oflen found attached to the 
walls of buildings. 

Its taste is accompanied with a sensation of cold. 

Soluble in seven tinges its weight of cold water; and 
in nearly its own weight of boiling water* 

Specific gravity l,f>3. 

Primitive form, a rectangular octohedron : the com- 
mon form is a six-sided prism, two of the oppo- 
site sides being rather broader than the other 
four, terminated by a wedge-shaped pyramid. 

Potaali 51,8 

Nitric Acid • . . 44,0 
Water 4,fi 



100,0 Kirw. 

Nitre is found abundantly in tiie«Ml of many parts 
df the world ; particularly India : and is periodically 
regenerated io tbwe situatitns. Its history in other 
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ALKALINE SALTS, 5 

To the west of the Delta of Egypt are several lakes, 
some of which contain common salt or muriate of 
jioda in solution ; others, natron or carbonate of soda. 

In some of these lakes both these substances are 
contained, and are deposited alternately on the sides 
o£ the lake in consequence of the evaporation oi 
the water that held them in solution ; this alternate 
deposition depending on the different degrees of so- 
lubilitv of these salts : the common salt beincr the 
least soluble is first crystallized ; and when that ba^ 
been separated to such an extent as to leave a consi- 
derable excess of carbonate of soda or natron in so- 
lution ; then, according to the law observed by. Ber- 
thoUet and alluded to by Mr. Watt in his ex peri- 
nients on ferrilite *, this latter substance begins tc 
ciystallize, 

BerthoUet who attentively examined the situatior 
of these lakes, and the nature of the surrounding 
country^ found that the soil of the neighbourhooc 
was strongly impregnated, partly with carbonate anc 
partly with muriate of soda. He supposes that th< 
natron, or carbonate of soda, is the result of the de 
composition of the common salt by means of car 
bonate of lime ; during which process the lime com 
bines with the muriatic acid of the common salt 
forming with it muriate of lime ; while the carbo 
nic acid, thus disengaged from the lime, combine 
with the soda, and thus forms the natron. 

 Vid. Append, p. 17. 



ALKALINE SALTS. 7 

MURIATE OF SOPAr 

€kvMmm salt, 

Jlock salt; from its occurring in regular strata, and 

being quamed like eommon stone. 
Sal gem; applied to those varieties of rock salt, 

which are remarkable for their colour or trans^ 

patency. 
Soluble in about thrice its weight of cold, or hot, 

water. 
Specific gravity 2, IS* 
Primitive form, a cube. 

Soda dB,88 

Muriatic acid • • • 53, 
Water 8,12 

lOOjPO Kirw. 

Common salt very often crystallizes in the form of 
a hollow four-sided pyramid, made up of numerous 
squares successively attached to each other and 
regularly increasing from the apex. An accurate de< 
scription of the progress of this crystallization is quot- 
ed by M. Haiiy. It commences by a cube which 
forms the apex ; to the upper edges of which crystal- 
line particles attach themselves, forming as it were a 
hollow square border : other crystalline particles at- 
tach themselves to the outer edges of this border ; 
and by a repetition of the process the form becomes 
pyramidal. 
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S SALINE SUBSTANCES. 

Extensive strata of common salt occur in varioui 
parts of the world, particularly in Europe ; moun- 
tains of salt are occasionally mentioned by ancient au- 
thors. 

Rock salt is generally accompanied by gypsum and 
indurated ochry clay : and is always situated among 
secondary strata. In some parts of the world it has 
been employed instead of stone, in building : this us« 
of it is mentioned by Strabo and Pliny. 

The rock salt of Cheshire is of a brownish red co- 
lour, in consequence of the presence of an ochry 
. clay : this clay is immediately separated by solution 
and crystallization; subsiding to the bottom of the 
water in which the salt has been dissolved, and leaving 
the supernatant liquor clear; from which the salt may 
be recovered by evaporation of the water that 
held it in solution, in a perfectly colourless state. 
Transparent colourless patches of salt occur here and 
there in the natural stratum ; but upon the whole 
this is of the colour above described, and the appear- 
ance of the mine is much the same- as of a quarry 
of common stone of the same colour. 

Mr. Play fair describes a peculiarity in the rock 
salt of Cheshire. He says that the mass is compact, 
but arranged in nodules of five or six feet diameter : 
these nodules are not perfectly spherical, but each is 
compressed by those that surround it, so as to have 
the shape of an irregular polyhedron. 



ALKALINE SALTS. 9 

t'allds speaks of rock salt in the iteighbourhood of 
the river Jaik, which i§ sometimes so hard as to snap 
the pick-axes made use of in quarrying it: he adds 
that this salt is generally white ; often as transparent 
and colourless as crystal : and that it readily breaks 
into cubic fragments. Me observes that the southern 
parts of Russia, Siberia, and Grand Tartary, are as 
rich in common salt as any tract of land in the known 
world* 

Bruce mentions that in some parts of Abyssinia 
cubic masses of rock i^alt pass as current coin. 

The brine springs met with near Droitwich in 
"Worcestershire, from which a great quantity of salt 
h sepamted by the process of evaporation, probably 
communicate with strata of rock salt : and perhaps 
these strata may Irereafter be discovered ; for within 
the last two or three years a vein of gypsum has been 
met with in that part of Worcestershire, which alone 
might lead to the expectation of finding rock salt. 

Common salt has been met with of a fibrous struc- 
ture, in tlie Tyrol ; and in one DJr two other situa- 
tionSi 

A variety of cominon salt, which may perhaps 
ftiore property be called a Variety of gypsum, occurs 
near Halle in the Tyrol : it has the appearance of 
rock salt ; and, though slightly, the taste also : but it 
is scarcely soluble in water. According to Klaproth 
its constituent parts are 

VOL. II. c 
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10 SALINE SUBSTANCES. , 

Sulphate of lime . . t>7fi 
Muiiate of Soda . . Sl,2 
Carbonate of Lime . 1 1 

lOOJO 

Aluriate of soda may be distinguished from - *II 
other salts, by its appropriate taste ; by its disposition 
to separate into cubic fragments ; and by its decrepi- 
tating when thrown on burning coals. 



Borate of Soda. 
Borax: this name occurs in Geber who wrote in 

the ninth century ; and is derived from the word 

Baurach, in u?e among the Arabians. 
Tinkal : this is the name it bears io India, while it is 

in an impure state. 
Afe/iftVM lapis^ of Pliny? " Melitites lapis snccum 

" remittit dulcem : tusus et cera mixtus faucium 

" exulceraiioni medetur *." These characters 

apply to borax. 
It has the double refracting power in a high degree. 
Fusible with effervescence into a transparent glass. 
Soluble in' twelve times its weight of cold ; and six 

times its weight of warm water. 
Phosphorescent, when two pieces of it are struck to" 

gcther. 

• Nat. Hist. lib. zxxtL. 



ALKAWNE SALTS. 
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Has an alkaline taste, with at the same time a degre 

of sweetness. 
Specific gravity 1,74. 
Prmitive form, a four-sided prism. 

Soda ...... 17 

Boracic Acid ... 39 
Water 44 



100 Bergm. 

This substance has been sometimes mistaken for thi 
chrysocolla of Pliny ; in consequence no doubt of th< 
use that jewellers commonly make of it ia solderinj 
gold. The occasion of the error is curious, and wil 
be taken notice of in describing the variety of car 
bonate of copper called malachite. 

The origin of borax is not known : it is probabh 
that it is separated by the process of evaporation fron 
t))e water of certain lakes^ or extracted by lixiviatioi 
from the soil, in different parts of Persia, and the nortl 
of India. It may be distinguished from alum by \\x 
sweeter and less astringent taste ; and by not ap 
proaching to the cubic or octohedral form so com 
monly observable in the crystals of the latter sub- 
stance. It is, besides, the only soluble salt that vl 
converted into a glass by the blowpipe : which pro 
perty therefore distinguishes it from saline substance 
in general. 



12 SALINE SUBSTANCES. 

Muriate of Ammohia 

Sal Ammoniac ; of commerce : ttie ns 

from the particular spot in Afric 

originally found. 
Soluble in about three times its weigl' 

and in little more than its weig' 

ter. 
Volatilized, without decomposition. 
Peliquesces, upon exposure, by i 

moisture of the atmosphere. 
Specific gravity 1,42. 
Primitive form, tiie regular oetob 

Ammonia .... 
Muriatic Acid . . . 
Water .... 



The history of this subsl 
chemistry than mhieralogy. 
On the surface of some soil 
and it is tbund in a sttblimi 
of Etna and Vesuvius. 
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EARTHY SALTS. 



Sulphate of Alumii^e. 

Alum : in this there is always a small quantity of al-4* 
kali necessarily present ; because a simple com- 
bination of alumine and sulphuric acid, the prin- 
cipal constituent parts of alum^ would not cry- 
stallize. 

Roche alum, or rock alum : according to Wallerius, 
who refers to Leibnitz, this term is derived from 
Rocca in Syria ; from whence the method of ar- 
tificially preparing alum was introduced into 
Europe about 350 years since. According to 
Kircher, the district of Tolfa situated about ten 
miles from the Tyrrhene sea is foil of rocks,- 
which, when roasted for twelve or fourteen hours, 
afford alum by evaporation : and hence the term 
rock alum. 

Roman alum: this name, originally applied to the 
local variety, is now often given to any very pure 

form of alum, , 

/ 
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EARTHY SALTS. 15 

^conotnicol loethod could b6 discovered lof reducing 
the ijron to a lower degree of oxydation, it migbt per- 
haps &ciUtate the natural process. 

Perhaps also, ia those varieties of shale which un« 
d6rgo this alteratiou very slowly, the process might 
be accelerated by sprinkling the mass with water 
slightly acidulated by sulphuric acid, and contain- 
ing tiie proportion of potash requisite for the cry* 
stallisation of the alum. The, expectation of success 
cannot be considered unreasonable in an experiment 
of this Icind, because there is little doubt that the 
^cid would occasion a commencement of the pr^ess : 
4pd nunierous instances might be mentioned to s>iew 
that a small proportion of additional matter will excite, 
and promote a natural action, which either w*ould not 
have been excited spontaneously, or would have pro- 
ceeded by very languid steps. 

It is observed that in those varieties of shale which 
readily undexgo the alteration above described, the 
pyritical matter is in a very minute state of division, 
and very uniformly disseminated through the mass : 
and from the observatipn of M, Klaproth * it appears 
|MN)bable that the formation of the acid does not ne- 
cessarily depend upon the presence of pyritical mat- 
ter ; but that in sotne instances the sulphur, fronr 
whence the acid is derived, is united with the coalj 
mat;ter present in the sihale. 

\ 

 Vid* Tol. i. p. 190. 



16 SALINE SUBSTA; 

Ktrcher io tlescribiag the art > 
alum, sa^3, that the fragments of' 
first roasted ; and then heaped 
and exposed to the sua : afte' 
a month, they are affused fou i 
water, which disintegrates i 

kind of argillaceous paste, 
drons and boiled ; and the ' 
drawn, and made to crysti | 

to the manufacturer. 
 As iron is always pres i 

t.ion in aluminous shale 
combines with that met i 

forms of aliin> contain r 
bination of the acid v 
tallic salt commonly i 

the presence of this 
green colour of flat 

It happens that ' 



EARTHY SALTS. 17 

tninous shale^ in which the different stages of thefoir'^ 
mation of the alum may be traced by the most deli^ 
cate steps. One of the proprietors has liberally pre- 
sented, to the mineralogical collection at Oxford, a se- 
ries of specimens illustrative of the gradual formation 
of the alum ; a description of which will not be, per- 
haps, unacceptable. 

The first specimen in the series is a portion of 
the natural rock, of a uniform brownish black co- 
lour : its schistose structure is scarcely visible even 
when it is examined with attention ; but it is easily 
separate into laminse, not however of a uniform 
thickness, by mechanical means. 

The second very distinctly exhibits the schistose 
structure : tiie iamince are separated from each other 
by a distance equal to their own thickness, which is 
about tiie twelfth of an inch ; and between the hi^ 
minse, and at right angles to them, are numerous 
semitransparent filaments of a silky lustre, which ad^ 
here to the surfaces of the laminse between which 
they are placed. In their appearance and size these 
fibres are very like the substance called silk-worm 
gut, employed in making fishing lines. The fibres are 
so numerous as often nearly to touch each other. 

The third specimen scarcely differs from the sem 
cond ; but represents tlie same a[>pearan€es in a mom 
remarkable manner : here and there the fibres are sf 

VOL. IT. i> 






18 

closi 
uns}: 
an (> 
I 
is i! : 

sp( 



EARTHY SALTS. 
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duces a black colour when added to the infusion of 
oak-bark, or gall-nut. It may also by the eye be mis- 
taken for fibrous gypsum, or for amianthus ; but may 
at once be distinguished from th6se by its taste and 
solubility. 



METALLIC SALTS. 



Sulphate op Iron. 



Green r'Uriol; from its general colour and glassy 
appearaoce. 

Martial vitriol; ov vitriol of iron. 

Ckalcanthum, andjlos a:ris ; oftheeariy natural his- 
torians. The terms xoAxof and as arose from 
the brass yellow colour of those natural formsof 
iron, from whicli the substance called chalcan- 
thuni and flos xris were obtained. 

Green copperas. 

Soluble in twice its neight of cold; and somewhat less 
than its weight of boiling water. 

Has the same taste with ink ; whicli indeed owes its 
peculiar taste to th@ presence of sulphate of iron. 

Has a double refracting power. 

Produces a black colour when mixed with infusions of 
vegetable astringent substances. 

Specific gravity 1,83. 

Frinytive form, an acute ihonihoid ; the plane angles 
of whicli are lOC iO' and 79* 5if. 



METALLIC SALTS, 21 

Oxyd of Iron ... 28 
SulphMric Acid . . 2(i 
Water 46 



100 Kirw. 

The natural history of sulphate of iron is necessarily 
contained, in a great measure, in that of alum. The 
alum is formed in consequence of the acidification of 
the sulphur of the pyrites contained in aluminous 
schist; the acid uniting with the alumineof the shale 
in the moment of its formation. If you suppose a si- 
milar process to take place in insulated masses of 
sulphuret of iron, where no clay is present, the acid 
would unite with the metallic subetance simply ; and 
the salt in question would be formed. This process 
often does take place naturally ; particularly in py- 
rites of a radiated structure, and globular form. Some- 
times it is accelerated or even produced by artificial 
means, as by roasting the pyrites ; and subsequently 
submitting it to the treatment described above, under 
tlie head of ^^phate of alumine. 

In the spontaneous formation of sulphate of jroiif 
the pyrites first loses its splendour : then swells and 
separates into numerous fissures. After this its sur- 
face is partially covered with a white efflorescing powf 
der, which is the^o^ ceris of Pliny. If this be sepa- 
rated by lixiviation, and the lixivium be evaporated, 
crystals of green vitriol will be obtained. 

In son^ instances green vitriol is formed in the 



SS SALINE SUBSTANCES. 

the substance of aluminous shale together with alum ; 
and communicates to the latter a considerable shade 
of green. * • • 

In the shale that overhangs the Odin mine, at Cas* 
tleton in Derbyshire, I some years ago found very 
Bccurately defined rhomboidal crystals of a green co- 
lour; which, judging from their form and coknir, 
were probably almost a pure natural form of sulphate 
of iron. These crystals were situated between the 
iaminie of tiie shale in considerable number, but <Ii6^ 
linot fwmx each othen The appearance was vert 
striking ; and does not, I believe, often occtin 

Green vitriol by exposure becomes yellow, and at 
last bran n : in this state perhaps it answers to the misy 
ftnd sary of Pliny. 

The meianteria or ink-stone of Pliny seems to be ft 
variety of sulphate of iron that has been formed in a 
coatrix containing vegetable astringent matter, which 
timting with the m^ailic salt has produced a natural 
ink* 

Sulphate of iron may be disting^iished from all 
iilher salts, either by its colour ; or, if this is not pre- 
eent, by the property it possesses of producing a 
black colour when mixed with vegetable astringent 
matterv 



METALLIC SALTS. g^ 

Sulphate of C^cr. 

Blue Vitriol; from its colour and glassy appearance. 

Vitriol f^ copper. 

Blue copperas. 

Soluble in four times its weight of cold, and twice itf 

weight of boiling water. 
Has a strong styptic taste. 
Colour, a deep blue. 

Specific gravity 2, 19. 

Primitive form, an irregular obliquely angled paral- 
lelepiped. 

Oxyd of Copper . . 40 
Sulphuric Acid ; . . 31 
Water ..... 29 

100 Kirw. 

The history of sulphate of copper is naturally con- 
nected with that of sulphate of iron ; this salt being 
formed from the sulphuretof Copper, or copper pyrites/ 
by a process exactly analogous to that by which sul- 
phate of iron is formed from sulphate of iron or iron 
pyrites : and as in almost every instance copper pyrites 
contains same portion of iron, sulphate of cop- 
per, or blue vitriol, generally conlains^ some portion 
of sulphate of iron, or green vitriol : and hence in the* 
blue vitriol of commerce i! is very usual to find par-* 
tides of green vitriol: hence also that confusion 
which occurs in the descriptions of these two sub- 
stances in the works of the early natural hi^toria/is. 
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44 SALINE SUBSTANCES. 

Sulphate of copper is not nearly so often the re- 
sult of a spontaneous alteration of copper pyrites, as 
sulphate of iron is of iron pyrites. Sometimes it is 
held in solution in the water that drains from mines 
of sulphuret of copper : but it is in must instances 
obtained by the artiBcial process already described 
under the head of sulphate of iron. Pliny gives an 
accurate description of this process, and says that 
the substance when cr^'stf^lizcd resembles glass. 

Sulphate of copper may easily be distinguished 
from most other minerals by its blue colour ; some 
other natural forms of copper arc also blue, but they 
are not soluble in water. 



Sulphate of Zixc. 
ffhite vitriol. 
JVhite copperas. 
Soluble in a little more than twice i^ weight of cold ; 

and in a much less proportion of boiling water. 
Has a strong styptic taste. 
It is colourless, when pure ; when it contains any 

considerable proportion of iron it is of a light 

greenish yellow. 
Specific gravity, when pure, is 1,91. 
Primitive form, not known. The common form of its 

crystals is a flat four-sided pyramid, terminated 

at each extremity by a fyur-sided or six-sided 

pyramid. 
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Ozyd of Zinc 
Sulphuric Acid 
Water . . 



40 

20,5 
39,5 



100,0 Kirw. 

This substance is obtained by artificial processes 
from the ore of zinc called blende or sulphuret of 
zinc ; much in the same manner as sulphate of iron 
or of copper, from iron or copper pyrites. It is very 
rarely formed by the spontaneous alteration of blende. 

As in almost every instance blende contains some 
portion of iron, the white vitriol of commerce, unless 
subsequently purified, necessarily contains a corre- 
spondent proportion of green vitriol ; and hence its 
occasional greenish yellow colour. 
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INFLAMMABLE SUBSTANCES. 



1 HOSE substances which are called inflammable are 
not all capable of producing flame : some simply be- 
come red hot when exposed to the necessary degree 
of heat ; and insensibly consume without the phe- 
nomena that usually attend the process of combus- 
tion. 

If exposed to a red heat iq a vessel from which 
atmospherical air is excluded, they are in many in- 
stances decomposed ; and at the same time their ele- 
mentary constituent principles form either new, or 
diflferently modified, compounds : these are for the 
most part volatile, and pass away in the form of wa- 
ter, and of oil or bitumen, and different aeriform 
fluids. That which remains in the vessel consists of 
earthy and metallic matter, and charcoal. If this 
residuum be exposed to a red beat in the open 
air, the charcoal combines with the oxygen or pure 
part of the atmosphere, and forms carbonic acid gas, 
or fixed air; which is dissipated, leaving only the 
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earthy and metallic matter. This process has fi?om 
the nature of it been called " datructhe distiUa- 
" tion ;" of all the results of which, the difieixat 
■earths are often tlie only constituent parts that orip- 
nally existed in their present form : these are conse- 
quently called educta ; the others, products, of the 
analysis. 

The products of the analysis of infiammable mine- , 
rals are for the most part 

Inflaj^imable air, or hydrogen gas. 

HeaTy inflammable air, or carbonated 'hydrogen 

gas. 
Fixed ai^ or carbonic acid gas. 
Water. \ 
Oil, or bitumen. 
Charcoal. 

These substances appear to be ultimately derived 
from the following elementary principles : 

Carbon ; ur, the base of charcoal. 

OiEygen; or, that part of atmos^dierical air ^i^iich 
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^nd they severally appear to consist 

Inflammable air, of hydrogen in an aeriform state. 
Heavy inflamm. air^ . IbjArogeii & carbon 

Fixed air, carbon & oxygen 

Water, hydrogen & oxygen 

Oil or bitumen, • .iiydrogen carbon &, oxygen 
Charcoal, • • . carbon & oxygen 

In ^ying an ancfltiipt of tb^ ^mHym af killaj«m%^ 
ble minerals, the aeriform substances will Jsie vol^sed 
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THE DIAMOND. 



Adamas; of t^liny, and other natural historians: but 

the term is occasionally applied to iron and 

other hard substances. 
Opalm and Paderos ; of Pliny ? 
It is the hardest substance in nature. 
It acquires the vitreous or positive electricity by 

friction. 
When pulverized it is of a grey or blackish colour. 
It i& entirely dissipated by combustion. 
It is met with of various colours ; pink, orange, yel-. 

low, green, blue, and blackish. 
Specific gravity varies from 3,51 to 3,55. 
Primitive form, the regular octohedron. 
By absorption of oxygen it i$ entirely converted into 

carbonic ^cid gas, or fixed air. 
Some mineralogists still class the diamond among 
the precious stones, on account of its general external 
characters : but as it may be entirely dissipated by ex- 
posure to the joint action of heat and air, and affords 
the same product as the combustion of charcoal, it is 
now very generally considered as an inflammable body ; 
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and the purest form of carbon, or the base of coaly 
matter in general. 

1 shall beg leave to trameribe the passages which 
seem to render it probable that the opalus and its va- 
riety the paderos of Pliny are applicable to the dia- 
mond of the present day.- 

Speaking ofberyls he says, ** plurimumab iis diffe- 
** runt o/)a/i, smaragdis tamen cedentes. India sola et 
*^' hofUttiefi^ maier. £sf in ite d^KTbuneuli t^nuior ipM^ 
^^ €st sMefhys^i MgtM purpurae, est sttiAthgSt virens 
** mare ; et cuncta paritef ineredibllf ihixtura hicen- 
** tia *." So far the di^i^Crfp4ioa fe perhaps a^ app^i^ 
cable to the opal M fbe A^t&HmA : bul i^ dpea&ing of 
fte Si^ 6( the stfbstawee he i* deeribing he says, " Mag- 
^* nitudo nucem avellanam equat, insigni apud nos 
*^ Yd^t&fki f whidb he then irelales : btit this descrip« 
tion seems appUda^ to a snb^ance m an insulated 
stJU[ei ii^ which tbe <}iaiVk««^ id ofteti feimd, or at least 
may be readily obitsM^ i rtrther than- to a sqbstance 
so interwoven ^ttb Atid inseparable ffom ift$ matrix m 
the opal, Bn^ the stjrongdst presumption in favour of 
&^ <]»pllt}6n i^ove advanc0<)> arises^ fi^om what folr 
lows ; where he is peaking of the adulterated forms 
df tb^ s^ibMilftder in qtieslkto, and describing the means 
€tf det«^ing these : ** £xperiment»m in sole tanium. 
^' FakU enim ccmtra radios libratis, digito ac pbl^ 
^^ Ik^i mms atqne idem tranMucet eolos tit se coth 

4 NM. Hiit, lib. ixif iii 
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*' sumptus. Veri fulgor subinde variaf, et plus hue 
** illucque spargif^ et fulgor lucis m digitosfunditur. 
** Hanc gemmam propter eximiam gratiam plerique 
*' appellavere j&^rfero/a *." 

The method of examining the substance by holding 
it between the finger and thumb, against the sun s 
rays ; the uniform transparency of the spurious gem ; 
the varying and scattered lustre of the true gem, de- 
scribed as impinging against the fingers of the person 
holding it ; all these characters seem so closely ap- 
plicable to the diamond, and the diamond alone, that 
I think they may be admitted as descriptive of that 

gem. 

The Grand Duke of Tuscany was the first person 
who ascertained that the diamond might be dissipated' 
by the joint action of heat and air : his experiments 
were conducted at Florence, in the year I694, by 
means of a burning glass. The emperor Francis I. 
repeated the same experiment on the diamond, 
making use of the heat of a furnace : the experiment 
was made at Vienna ; and here also the diamonds 
employed on the occasion were entirely dissipated by 
the action of the fire. 

But before the experiments of either of these 
princes, Sir Isaac Newton having observed that 
the refractive power of transparent substances 
was, in general, in proportion to their density ; but 

 Nat. Hist. Hb. xxxtji. 
VOL. II. F 
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that of substances of equal density those which were 
inflammable possessed the refractive power in a 
higher degree than those which were not; con- 
cluded, from a comparison of the density and re- 
fractive power of the diamond, that it contained an 
inflammable principle. From tlie same mode of rea- 
soning he drew the same conclusion respecting the na- 
ture of water. These opinions have since been fully 
confirmed; with respect to the diamond, by the expe- 
riments above related ; and, apparently, with respect 
to water by the experimenlsof M. lAvoisier. 

According to Tavemier diamonds are found in tlie 
veins of a sandstone in the Carnatic. M. Haiiy 
aays that they are found in Golconda, and other dis- 
tricts of that part of Asia, irregularly imbedded in 
an. ochry earth, of a yellow, orange, or red colour ; at 
the foot of high mountains, consisting in part of 
quartz. 

About the year 1730, diamonds were discovered in 
Brasil ; in an ochry earth, not unlike that in which 
they are found in India. 

Some of the natural crystals of the diamond have 
convex surfaces, or even approach to a spheroidal 
form : but this is the natural form of the crystal, and 
not the effect of attrition. Diamonds indeed can but 
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The unpolished diamond may be distinguished fron 
the varieties of sapphire, from the hyacinth, and fron 
quartz, &c. in acquiring the vitreous or positive elec 
tricity by friction ; whereas those substances acquin 
the resinous or negative : from the spinell, by its su- 
perior hardness. 
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AMBER. 



Elect rum, of Pliny, &c. ; from its resemblance in co- 
lour to the metallic alloy of the ancients, which 
consisted of gold and silver, and was called 
by the same name : or from 'HXfwwf, one of the 
names of the sun. 

Succinum ; from the word sMCuSf under the idea that 
amber was some inspissated juice, "Arboris 
** succum esse prisci nostri credidcre, ob id suc- 
" cinum appellantes *." 

Amber varies from a pale yellow to a brownbh orangs 
colour. 

The electric property of amber must be familiar to 
every one. It is the substance in which the pro- 
perty was first discovered, and the term elec- 
tricity has been derived from one of its syno- 
nyms. 

When triturated or burnt it emits a peculiar and 

slightly aromatic odour. 
Specific gravity varies from 1,07 to 1,08. 

 Plin. Nat. Hist. vol. li. p. 266. cd. Brot. 
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The appearances and electric property of amber 
are so often alluded to in ancient authors, that it is 
not necessary to shew by quotations that they were 
^miliar with the substance : and though the his- 
tory of its origin is much involved in fable, yet they 
iseem to have had some idea that it was found in the 
north of Europe. 

'Clg ap"A7reW^wvof T«5« Saxpua AijTo/Jao 
'Ew^«pST«i UmtSf are fAV^ioe %svs •esof^i^iv, 
'^Uu.os "T'Trsf&o^suv U^ yivog euru(pixaviv *. 

Pliny says, in speaking of amber, "certumest gigni 
** in insulis septentrionalis oceani t «" and, in another 
place, " ab adverse (Britanniarum) in Germanicum 
« mare sparsse Glessariae (iiisulje) ; quas Electridas 
" GrjBci recentiores appellavere, quod ibi Electrum 
" nascereturj." In another part he says that inthespring 
time it was washed on a part of the coast of Germany, 
from an island in the north sea ; concluding with these 
words, " incolas pro ligno ad ignem uti eo, proximisque 
' « Teutonis vendere §." From the foregoing passages 
it seems very probable that the opinion of Solinus- 
respecting the origin of amber is correct. He says 

• Apoll. Rhod. lib. W. Hn. 611—614. 
+ Nat. Hist. Yol. ifi. p. 266. ed. Brot. 
I Nat. Hist. lib. iil. § Ibid. lib. xxxTii. 



38 INFLAMMABLE SUBSTANCES. 

that it wa3 origioally brought from the oorlbern sea, 
through Pannonia and Illyria, into the country border- 
ing on the river Po : and hence Phaeton's sisters, or 
the poplars of that river, are fabled to have wept am- 
ber : this substance being easily mistaken for a veget- 
able gum. 

Amber is found in considerable abundance on the 
southern shore of the Baltic, accompanied by pebbles 
and fossile wood, at some depth beneath the surface. 
It has also been met with in other parts of the world 
in sand or clay, or in coal mines. The insects visible 
in many specimens of autber sufficiently prove that 
it was oQce in a fluid state: but specimens of this 
kind are not always natural ; at least if it is correcUy 
asserted, that the art of softening amber, and intro- 
ducing extraneous substances, is sometimes practised. 

Amber is distinguished from the singular mineral 
called mellilite in possessing the electric property to a 
much more remarkable extent: besides which, melli- 
lite has a double refracting property, which amber 
has not. 

Amber may be distinguished from gum copal, which 
it often closely resembles, by the following mark: 
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MELLILIT& 



Honey-stone ; from its colour. 

Crystallized amber; from its form and colour. 

Easily cut by the knife. 

When pure it acquires the resinous or negative elec- 
tricity by friction ; but only in a slight degree. 

In the fire it' becomes white, and loses its transpa- 
rency. 

Has a double refracting power. 

Specific gravity varies from 1,58 to 1,66. 

Primitive form, an octohedron ; the common base of 
the two pyramids, making the octohedron, is a 
square. 

Alumine 16 

A peculiar Acid . . 46 
Water S8 



100 Klapr. 



This substance has been found at Artern, in Thu- 
ringia, in a stratum of fossile wood : and in Switzer- 
land, accompanied by asphaltum. It has not been 
long discovered. M. Werner first took notice of it; 
and gave it its present name. 
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It is not liable to be confounded with any mineral 
except amber; under the head of which the dis- 
tinctive marks of the two substances have been al- 
ready given. 



ON THE CONVERSION 

VEGETABLE MATTER 

INTO 

COAL. 



In nmny situations^ and partitularly if exposed 
to stagnant moisture, vegetable matter undergoes a 
gradual change by which not only its form is altered, 
but its constituent principles are ultimately destroyed. 
In this state it is said to be mineralized. 

The most important tests of the vegetable cha- 
racter, with reference to this change, are the pre- 
sence of the substances called extract^ resin, and 
^re. 

If vegetable matter be boiled in water ; and the 
water, after having been strained or filtered, be ex- 
posed for some time to the open air^ a flocculent 
precipitate takes place from every part of the liquor ; 
which soon subsides to the bottom of the vessel con-^ 
taining it. This is the extract^ altered indeed by expb^ 
sure, and now no longer soluble in water: the chiaixge 
is supposed to depend on the absorption of. oxygen ; 
and if, by any means, the proportion of oxygen be 
increased, tlie extract gradually becomes of a darker 
colour; blackens; and approact^s to the state of 
ebarrcd' wood. • 

If vegetable matter be boiled in rectified spirit of 

VOL. II. G 
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wine, aiid water be added to the filtered liquu', a 
white precipitate coofimooly takes place; which if col- 
lected and examined will be found to possess those 
properties which constitute what is called a resin. 

By these means then the presence of extract and 
of resin may be ascertained : the existence of JibrCy 
the last of the three tests of the vegetable character 
tbove [netLtionedi;faay be sscertaiaed by the eye, and 
by mechanical division. 

Xlffi Itfegent occasion does not require a mioutc 
ttetail of the process by which vegetable matter is 
thus mineralized ; nor of the arguments fay which 
tbc nature of this process is established, {t will 
be sufficient to state that, from the iogeniou? and 
tdaborate experiments of Mr. Hatchett, it very satis* 
factorily appears, that during the change which ve- 
getalHes undergo in the situations ab»ve alluded to, 
their extractive aod resinous particles gradually dis- 
appear, and they are proportionally impregnated wiiJ^ 
tntumen.: and duu their fibre blackens; approacbet 
to;lbe.<:biu'acter of charred wood; and is gradually 
ob|iioratqjl. , I i,. ..;!.- ,-.... 
t^iTtiste sStraet is the jpfinciple, the traces of which 
firat disappear ; the resint nejtt ; the fibre, last : and 
iKhen every maHc i^ organisation h^ beea lost in coa> 
stqoen^ of tbeideetructioii.of the fibre, the .suit^tsinc* 
U commonly <rf axomp^ct texture ; and, when bfpken» 
presents conchoidal surfaces like pitch. In this *isX9 
It a»y be. properly called Co^l. 
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The following vatietiei of mideralist^d veg^tabli 
substances are airanged, as nearly as possible, ac 
cording to tlie progress of the change which ha« 
been just described. 

Wood of a Submarine Forest in Lincolnshire* 

Mr. Hatchett in making some experiments on the 
wood of a submerged forest, at Sutton, on the coast 
of Lincolnshire, found that its ashes afforded alkali : 
and as from all the circumstances of its history, it ap- 
pears that this wood has scarcely undergone any 
change in its vegetable character ; he infers, that mere 
submersion is not sufficient to destroy the alkali of a 
vegetable, unless it has at the same time been more 
or less converted into coal. 

« 

Turf. 

The roots and stalks of vegetables, growing oi> 
heaths and morasses, commonly undergo that spon- 
taneous alteration which has been already described ; 
and this process continuing to take place upon fresh 
vegetables, tlie aceumiilated mass becomes of a con* 
aiderable thickness ; and is then commonly made us# 
of as fuel, under the name of turf 

Peat. 

In examining turf in its native situation, it -will be 
teen, that in proportion as it is further removed from 
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the surface, the form of the roots and fibres become* 
less distinct ; until the whole appears lite a compact 
^liny mass of a black colour : in which state it is 
called peat. This substance is used very extensively 
for fuel in many parts of Europe: being first cut 
into separate pieces of about tlte size and shape of s^ 
brick, and then dried. 

' The unpleasant smell occasioned by the combus- 
tion of turf, and peat, arises partly firom the bitu* 
men, and partly fi*om the decayed vegetable matter 
mixed with it, 

Imperfectltf Mineralized Leasees of a schistus from 

Iceland. 

The fallowing account has been extracted from a 
paper of Mr. Hatchett's in the Philosophical Tran* 
sactions for 1 804 : the whole of which is extremely 
interesting and important; as indeed might be ex- 
pected from such a quarter. 

Mr. Hatchett analysed a variety of schistus, the 
stratum of which was found by Sir Joseph Banks near 
Reykum, one of the great spouting hot springs of Ice-* 
land. The schistus, which is easily divisible, con* 
sists in a great measure of leaves interposed between 
its lamince : the form of the leaves and the arrange-* 
ment of the fibres are distinctly visible; but the sub- 
stance is apparently half charred. From several cir- 
cumstances Mr. Hatchett conjecUured that the sub- 
stance was not complete charcoal, and that the vege- 
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table matter was in an incipient state of carboniEation ; 
and foujsd^ by expieriments instituted. for theporpose, 
that 2iO grains of the scbistus aiforded abQUt. three 
grains of extract, and one grain of resin : the remain* 
ing S47 grains, submitted to the process of destructive 
distillation, gave the following results : 

Water 42,50 

Thick brown oily Bitumen 7,50 

Mixed Gas  . . • • 23,75 

Charcoal ...... 54,25 

SOex 98 

Alumine ...... li 

Oxyd of Iron- , • , , 6 

*** 247;00 

The charcoal when burnt afforded no trace of any 
alkali. 

B(w^tf Coal. 

Thie nature of the stratum, in which the Bovey 
coal is found, has been already described in the pre* 
ceding^ volume f. The substance so called consists 
of the branches, trunks, and roots of tnees that have, 
to a greater or less extent in different parts, umiergone 
that alteration by which tiie vegetable principles are 
charred, and converted into bitumen. 

Bovey coal is analogous to the mrturbrand of 
Iceland ; the piligno of the Italians ; and the se- 

 Vid,p. a«. t P, 1§7. 168, 
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veral varieties of bitoifiiQous wood, sonwtiMes caUed 
kgnite, met with in (fifibrent parts of Eorope. 

The general appearance of Borey coal, AUd tb« 
alluvial character of the spot where it is ft>aod, suf< 
£ciently manifest its origin ; and shew that the ■Icarfttioa 
it has undergone depended rai a process analogotn to 
that which takes place in the formation of turf and peat. 
Some specimens have been lately sent to the museum 
at Oxford, which have every appearance of the re- 
cent vegetable : they appear to have belonged to 
that part of the trunk which is contiguous to the root; 
and are of the character of a species of iir. I un- 
derstand from a gentleman wlM is thoroughly ac- 
quainted with all that part of Devonshire, that the 
strata of Bovey coal originate from a part of the 
faeath where nuoMrous stumps and roots of trees 
are remaining: that from this point the strata gently 
dip, or incline downwards beneath the surface ; so 
that, in proportion as you advance from the roots just 
■nentioned, the accumulation of alluvial msAter above 
the coal beicMiies thicker, Tlie Bovey coal appearft 
therefore to be the broken trunks and bran^ea of the 
roots and stumps iust mentioned. 
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A*few smati pitoes that «actly reseoorUed cotnmoa 
cborcoal, bot Miece more easily divisifald and almost 
crumbled betweeo the fiagers^ I did not submit 
these to a chemical examinatioo ; but I found that 
wJusn they were employed for the purpose of com« 
pleting the gabianic circle^ no spark was produced ; 
vbei^eaa in the case of commoiY charcoal a spark » 
produced. 

In some instances the Bovey coal is obtained in the 
ibnn of strai^t flat pieces, three or four feet in lengthy 
resemfaUng boards : in which stale it is called beard 
coal. This flattened form of substances originally 
eylindric^y as the trunks and branches of trees, is ob^ 
servable in the surturbrand or bituminous wood of 
Iceland^ as well as in the Bovey coal ; and also in 
other similar situations : and the observation extends 
to all orgQ4iic remains met with in strata of clay or 
argillaceous schist : . for these are canstaiKtly of a 
flattened form^ even in the case of bone and shells : 
so that the same substances, which in a calcareous 
stratum preserve for instance their original cylin- 
drical figure, in a stratum of argillaceous schistus 
are compres§ed into a plane triangular surface. Berg- 
nunn, who has remarked the fact, observes that this 
effect capnQt l^ attributed to mere pressure; because 
it sometimes occurs in schisti, lying over a calcareous 
stratum : in M^ich case, as the pressure must neces^ 
jRarily have been greatest upoi^ the lowest stratum, the 



iysi$ four graio3 of yeUuwjsb fishes were left, copyist* 
ing of silex, alumine, and oxyd of iroQ ; derived most 
probably from the eerthy oaatter m wJwb the Bovey 
coal is iii(kbe4ded : \^ tbere wa3 xK>t the MO^Ue^t 
trace of €ny alkali. 

Jet. 

Gagates lapis, of Fliny ; according to the commonly 

received opinion. 
Black amber ; of some mineralogists. 
Sufficiently hard to be turned in a lathe. 
Specific gravity 1,25. 
It is electric ; but slightly, and with difficulty. 

Wallerius, together with many others, classes this 
among simple bituminous substances, as a species 
of asphaltum: but the substance commonly called 
jet does not emit that strong smell upon being 
rubbed or heated, which is emitted from asphaltum ; 
nor has it the brittleness of the latter substance : and 
lastly, it does not swell up and melt, when set on fire, 
as asphaltum does. 

Some specimens of jet have evidently traces of 
a fibrous texture ; and from all the circum* 
stances of its history it appears to be a variety 
of mineralized wood in which the proportion of 
bitumen is not very great. 

VOL. II. n 
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It is met with in the neighbourhood of coal, in 
detached nodular masses. 

It is principally employed for ornamental pur- 
poses ; as in making beads and buttons, Sec. 
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COxMMON COAL. 



Carbofossilis. 
Lithanthrax or stone-coal. 

The natural transition of vegetable matter into a 
substance completely resembling coal, both in exter- 
nal and chemical characters, may be traced by the 
most gradual and satisfactory steps. A similar con- 
version of the one into the other may be effected also 
by artificial processes : and I have seen specimens, 
the results of Mr. Hatchett*s interesting experiments, 
^hich in their appearance so closely resembled com- 
mon coal, that no eye however experienced could de- 
tect the difference ; although the difference between 
their present and their original form was much greater 
than between that of common coal and vegetable mat- 
ter in general : this will be readily admitted upon 
stating that some of the specimens in question were 
nothing more than an altered state of colourless vege- 
table oils. 

There is no absurdity therefore in supposing that 
coal m general may have been derived froiij the gra- 
dual alteration of vegetable matter. 

In almost all the coal indeed of Staffordshire and 
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the inland counties, as also in the coal of Monmouth- 
shire and Glamorganshire, the traces of a vegetable' 
origin are so obvious ; that those even who are ig- 
norant of the foregoing facts, and totally unprepared 
or even absolutely indisposed to admit this close re- 
lation between the mineral and vegetable kingdoms^ 
must be convinced, from the mere appearance, that 
there is the strongest ground for believing the Coal id 
question to have been derived from vegetable matter. 
In speatdng therefore of the different varieties of 
eoal, I shall do little more than state their peculiar 
diaradters, the n&mes of the places from whence they 
eome, and the results of their chemical analysis; 
concluding with a few observations illustrative of 
their general history. 

Cannel Coal. 

This coal easily catches fire, and burn& with a 
bright flame like that of a candle ; from which Cir- 
cumstance it has obtained its name: cannel being 
the common pronunciation of candky in Scotland, and 
in the north of England, 

It has a broad laminated structure; but if broken 
transversely to the laminae it exhibits undulating 
conchoidal surfaces. 
D&es not stain the fingers. 
£ufl)s without cakinc^. . 
Specific gravity varies ifroro 1,2S to. 1,27- 



COMMON COAL. 3S 

Charcoal ...... 75,20 

Bitumen • . . . . • Sl|68 

Ashes, consisting principally *> ^ .^ 
of Alumine and Silex J 

1(K),00 Kirw. 

In some places this is ceWed parrot coal; perhaps 
from the crackling noise that takes place during the 
time that it is kindling. The same terai is applied to 
a spurious kind of Coal that contains much earthy mat- 
ter, and does not burn readily. 

Cannel coal does not appear to differ much in any 
of its characters from jet. 

Staffordshire Coal. 

Most of the coal that is used in and about Oxford 
is brought irom different parts of Staffordshire. It is 
in general of a distinctly schistose stmcture ; the la- 
minas often not more than a quarter of an inch thick* 
When broken transversely this structure is very 
distinct; and the cross fracture of the laminee ex* 
hibits a compact texture, with a lustre like that of - 
pitch. If broken in the direction of its laminoe, the 
surfaces of these appear to be overspread with nu-» 
merous flattened pieces of charred fibrous wood, ly-» 
ing in various directions. Sometimes these surfaces 
are continued to a considerable extent ; forming an 
area of several square inches : and here and tliero 
the charred appearance is incomplete, and the sub* 
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etance resembles those specimens of Bovey coal in 
which the vegetable character is not yet destroyed. 

l>ifferent varieties of the coal under consideration 
bum with different appearances and results : some of 
them cake to a hard cinder ; others bum avay, al- 
most like common charcoal, to light white ashes, 
containing a very small proportion of earthy matter: 
in other instances the ashes are in great abundance, 
and of a dark brownish red colour ; in which case the 
coal is found to contain an unusually great proportion 
of pyritical matter, or iron combined with sulphur. 
The sulphur is dissipated during the combustion : the 
iron is oxydated to a higher degree than it was be- 
fore ; and hence that teddish brown colour. 

Now and then pieces are met with partly corre- 
sponding with the general external characters of this 
kind, and partly resembling cannel coal : but the two 
▼arieties are perfectly distinct, without any appear- 
ance of one graduating into the other. 

Some parts of the coal appear to be little more 
than a mass of earth or stone, generally of a schistose 
character; slightly penetrated, but little more than 
eoloured, by the coaly matter. 



b 
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fVhiteharen Coal 

Specific gravity 1,25. 

It is disposed to separate into quadrangular frag- 
ments. 

Burns with a clear flame at first; and afterwards 
cakes. 

Charcoal . • . • 57 
Bitumen . . . • 41^3 
Ashes 1,7 
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Newcastle Coal. 

Mr. Kirwan considers this as nearly allied to the 
Whitehaven coal ; and' says that, according to the 
experiments of the Bishop of LandafT, its conbti- 
iuent parts are 

Charcoal 58 

Bitumen 40 

Earthj and Metallic Matter, and Sulphur . 2 
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Kilkenny Coal. 

This variety has a lustre almost metallic. 
Specific gravity 1,52. 

Charcoal • . 97,3 
Ashes ... 2,7 



100,0 Kirw. 
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which are set with cr 

The iridescent apf 
the surface of coal 1 
plained. 

Coal strata occui 
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and in the north of France than any other part 01 
Europe ; and are generally accompanied by varietiec 
of sandstone and bituminous scbi3tus ; more rarely bj 
limestone. 

These adjoining strata, as well as the coal itself, 
usually contain vegetable organic remains. 

Brogniarty in speaking of the coal mines near liege, 
says that three and twenty different strata have been 
there met with one below the other ; and that they are 
incurvated in a variety of directions. 

It has already been said that the evidences in fevour 
of the vegetable ori^n of coal are very strong : but 
the situations in which the coal strata are found, and 
most of the circumstances connected with their geo- 
logical history, present such perplexing appearances ; 
that it seems impossible to expect a consistent expla- 
nation of the manner in which the accumulation of 

* 

these masses originally took place. 
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PLUMBAGO. 



Black leady of which common pencils are made : 90 
called from its dark colour and leaden lustre. 

Graphite ; from the use to which it is generally ap- 
plied. 

Carburet of iron ; from its component parts, carbon 
and iron. 

Specific gravity varies from 2,08 to 2,24. 

It is almost entirely volatilized by the continued appli- 
cation of the blowpipe. 

Carbon . . . 90,9 
Iron . .... 9,1 



100,0 Berthollet. 

Plumbago, which is so called from its resemblance 
to lead, is met with in different parts of Europe; 
but occurs in its purest state in Cumberland. The 
matrix of the Cumberland plumbago, judging from 
the few specimens I have seen, has the mixed cha- 
racter of a decaying basalt and serpentine. 

This substance is by M. Haiiy classed among the 
ores of iron. According to its analysis it corres- 
ponds very closely with Kilkenny coal. 
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Some varieties of it are pulverulent, though th 
particles easily cohere by slight pressure, and hav 
a mixed unctuous and metallic lustre. This form u 
plumbago is much used for rubbing over the surface 
of stoves, &c. in order to prevent them from rusting 
also to prevent friction in wheels and other parts o 
heavy machinery. 

» Plumbago very closely resembles the metallic ore 
called sulp buret of molybdena; but if both be rubbed 
on a piece of white porcelain, it will be se^n that the 
•streak made by the plumbago is of the same colour 
with the substance by which it was made ; while that 
made by the molybdena has a distinctly green 
shade. It may be distinguished from black crayon by 
the difference of the streaks made by the two sub- 
stances on paper: the colour of that made by black 
crayon is a deep dull black ; that of plumbago has 
somewhat of a metallic lustre. 



€9 INFLAMMABLE SUBSTANCES. 



BITUMEN. 



Some of the products retulting from the dtstilUtioii 
of common coal very closely resemble the bitu' 
minous substances called Baphthe, petroleum, and 
asphaltum. If therefore you suppose a distilla- 
tion of coal to be going on in the interior of ibe 
earth, the production of the different natural forms 
of bitumen may thus be accounted for : as also the 
existence of that variety of coal, to which Culm and 
Kilkenny coal belong ; which, by the dbtillation here - 
supposed, may have been deprived of their bitumen j 

No stress is intended to be laid on this hypothesis 
further than as it serves for the convenience of ar- j 

rangement : for thus having traced the formation of | 

bitumen through its various stages, and shewn, in 
some instances at least, its necessary connexion with 
vegetable matter, we seem enabled to account for its 
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Naphtha. 

Bitumen fltddissimum^ hoissimum ; Naphtha ; of 

Wallerius. 
Pure petroleum^ 
The following characters are applicable to the 

naphtha of Modena. 
When pure it is nearly colourless. 
It has a pungent but not unpleasant smell. 
Easily catches fire, and bums with a light flame ; 

leaving scarcely any residuum. 
Specific gravity 0,708. 

Naphtha is met with abundantly in Persia ; and is 
found issuing from rocks and clays. It has also been 
found, according to Mr. Kir^an, from whom the fore- 
going account is taken, at Mont Festin, near Mo- 
dena. 

The specific gravity of naphtha is even less than 
that of the most highly rectified spirit of wine. By 
exposure it loses its transparency and odour; acquires 
a yellpwish, or even brown colour ; becomes thicker, 
and specifically heavier ; and approaches in its cha- 
racters to the following variety, Petroleum. 

In various parts of Persia naphtha is used instead 
of oil for lamp^, ftc. 
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Petroleum. 

Bitumen Jluidumj crassum ; Petroleum ; of Wal- 

lerius. 
Native^ and mineral. Tar. 
The specific gravity of Petroleum is 0,87. 
Its colours vary from a reddish yellow to a reddish 

black. 

Petroleum is so called because it is frequently 
found exuding in the form of an oily liquid from 
rocks. It is very generally considered as an impure 
form of naphtha ; with which its characters closely 
agree : but it is found in much greater abundance, and 
in a greater variety of places, than naphtha. 

The rock from whence the mineral tar of Coal- 
brook Dale is obtained is a sandstone. 

Petroleum is produced during the spontaneous' al- 
teration that takes place in vegetable matter, accumu- 
lated in moist heaths and morasses. 

Maltha. 

Bitumen segne^ crassum, nigrum ; Maltha ; of Wal- 

lerius. 
Cohesive mineral pitch. . 

This scarcely differs from th6 foregoing variety; 
which, by exposure to air and the application of heat, 
passes into the state of maltha. 
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Asphaltum. 

Bitumen solidum^friahile ; Asphaltum ; of Wallerius. 

Mumia mineralis : said to be frequently employed by 
the Egyptians in embalming their dead. 

Jews' pitch ; and bitumen of Judcea ; from the part 
of the world where one of its varieties occurs. 

It is extremely brittle, and readily reduced to pow- 
der. 

Specific gravity varies from 1,07 to 1,65. 

The term asphaltum is derived from the name 
of the lake in Judaea, where this substance occurs in 
great abundance. It first rises in a liquid form to 
the surface of the water, and there hardens. It diflfers 
from the foregoing variety principally in consistence. 

Asphaltum is sometimes found in distinct nodules 
in the substance of a mass of calcareous or of fluor 
spar. 

Klaproth analysed a variety of asphaltum, from 
Avlona in Albania, the specific gravity of which was 
1,20. He says that it burns with a strong and lively 
flame; and is considered as the principal ingredient 
in the Grecian jire so much employed in former 
times. One hundred grains of this asphaltum, sub- 
mitted to the process of destructive distillation, afford- 
ed the following results, exclusive of thirty-six cubic 
inches of carbonated hydrogen gas ; 
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Bituminont Oil . . . . SS 

Charcoal SO 

Water 6 

Silex 7,50 

Alutnine 4,50 

liuM 0,75 

Oijd of Iron .... 1,25 
of Maqgaoew . . C^O 

Asphaltum may be distinguiehed from coal 1^ the 
smell it emits whea rubbed. It is, besides, electric ; 
«hich coal is not. It is distinguished from jet by its 
brittleness, and by its peculiar odour when rubbed. 

Elastic Bitumen of Derbyshire. 

T^is substance is also called mineral caoutchouc ; 
to distinguish it frtmi the vegetable substance of the 
same name, but more commonly called Indian 
rubber. 

Elastic bitumen is met with in a variety of forms in 
the Odin mine at Castleton, in Derbyshire : in some 
the bitumen is nearly in a fluid state ; in others, in a» 
perfectly an indurated stat^ as asphaltum. 

Some of the varieties, which are but slightly elastic, 
resemble cork. 

It is frequently of a brown or reddish brown eo- 
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men, «u]^mitted to tbe process of destructive disjtilla- 
tion^ afforded the following results : 

Water 1,60 

Bitumiuous Oil • • 73 

Mixed Ga8, about • 12,50 

Charcoal . . • • 6,25 

Lime 2 

Silex 1,50 

Alttmioe ...» 0,25 

Oxyd of Iron • • • 0,75 

Sulphate of lime • Q>50 

98,25 Klapr. 

According to tbe opinion of Mr. Htichett^ tbe elas*^ 
ticity of tbis substance arises fi-om a portion of air, or 
some other elastic fluid, which is contained between 
the pores of the bitumen; and during its natural ge- 
neration accumulates there^ and impartg to tbe whole 
mass a spongy nature. 

: 
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This substance is a natun 
and asphaJtum ; and hence 
analysed it, was induced to ' 
bituminous substances by tlir 

It is met with in modera 
the earthy matter in ^vhict 
are situated ; but adhering 

Its specific gravity is 1 , 

Its colour is a light ocl 
the eye be easily mistakei 
which resemblance, as a' 
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When placed on a I 
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Water S 

Thick brown oily Bitumen 45 
Light spongy Coal • • 23 
Mixed Gas . • > • . 29 
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« 

The coal yielded about three grains and a half o 
ashes, which consisted of alumine, silex, iron, and i 
trace of lime. ' 

By another analysis of the same quantity of thii 
mineral, in which it w^as submitted to the action o: 
rectified spirit of wine, a quantity of resin was sepa- 
rated : the mass which remained possessed all the 
properties of asphaltum, and contained about three 
grains of earthy matter. By this analysis it appeared 
to consist of the following substances : 

Resin 55 

Asphaltum 41 

Earthy residuum ... 3 

99 

All the substances obtained in the first of these 
analyses, w ith tlie exception of the earthy residuum 
of the coal, were products : or, according to what has 
been before advahced, were produced by the decom- 
position &c. of the component parts of the mineral : 
in tiie last they were all educts ; that is, they pre- 
viously existed in their present form. 
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jVIetallic substances occur in a variety of forms; 
Ibe most remarkable of which are expressed by th« 
IbUowing terms : 

Native Metals. 
Metallic Oxyds. 
Metallic Sulphurets. 
Metallic Salts. 

In what is called their native state they possess 
those properties on account of which they are princi-> 
pally valuable ; as malleability, hardness, and splen- 
dour. It frequently happens tliat two or more are 
intimately blended in the same mass; and when this 
is the casei the combination is called a native a^tallic 
alloy. 

Metallic oayds are a combination of the pur^ me- 
tallic substance with oxygen, or that partof atmospbe-^ 
rical air which supports the process of combustioa and 
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of respiratioiL A metallic oxyd was formerly called 
a metallic calv. Metallic oxyds are in general of an 
earthy texture : or, if they possess the splendour and 
appearance of metals, they are almost always destitute 
of their tenacity ; and are reduced to powder upon the 
application of a moderate degree of force, as the blow 
of a hammer for instance. Their specific gravity is 
greater than that of earthy substances ; but less 
than that of the metals from whence they are de- 
rived. 

Metallic sulphurets are chemical combinations of a 
metal, but more commonly a metallic oxyd, with suU 
phur : tliey frequently have a remarkable degree of 
splendour and many of the external characters of a me-* 
tal ; but they are readily reduced to powder. In many 
instances arsenic is contained as mcII as sulphur; and 
the presence of either substance is easily ascertained 
by means of the blowpipe: the sulphur manifesting 
itself by its pungent odour and the well known colour 
of its flame: the arsenic by a white smoke, and a 
smell resembling gariiek. 

A nietallic salt is a chemical combination of a me- 
tallic oxyd'with an acid. Some of the metallic salts, 
those for instance which are most remarkable for their 
taste and solubility, have been already described in 
the beginning of this volume. 

The term metallic of'e is by some aj>{)lied to those 
natural forms only which require some chemical pro- 
cess in order to bring them back to their supposed 
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original state ; and by this process they are conse 
quently said to be reduQcd: by others it is indiscrimi- 
nately applied to all the natural forms ; and includes 
therefore native metallic substances. In early publi- 
cations the word is spelt *' ewer." 

Metallic substances principally occur in veins, and in 
all varieties of rocks ; but more abundantly in primitive 
scliistus than any other. And, upon the whole, pri- 
mitive rocks are the most metalliferous. 

Derbyshire, which is a secondary country, affords a 
very remarkable exception to this rule. 



The history of mininsr in this island has been traced back 
to a yerj early period : and it appears that lead was the metal 
most abundantly worked in Britian, at the time of its con- 
quest by the Romans^ They of course improTed the art ; and 
the miners, left by them, continiu^d for many ages to work in 
the peak of Derbyshire ; in the Men'dip hills ; in the tin mines 
of Cornwall ; and in the iron mines of the forest of Dean. In 
the last mentioned place, traces of their works and furnaces are 
CYen now occasionally met with ; and it has happened within a 
few years, that the dross or slag of the iron found in these old 
works has been again submitted to the furnace, for the pur. 
pose of extracting the metal contained in it ; the quantity left in 
it, from the imperfect state of the art at that time, being very 
considerable. 

The Roman miners for some centuries governed themselves by 
their own laws, partly Roman and partly Belgic. Edward I. erected 
the court parliament of Stannaries. Other kings, especially 
Henry YII. appointed commissioners to superintend the mines. 
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Queen Elizabeth formed a corporation baving the direction of 
mines and mineral works, to which she granted cxclusire privi- 
leges : she also inrited many foreigners into England, giving them 
permission to dig for metallic ores. Among these foreigners was 
Christopher Schntz, a natire of Annaberg in Saxony, who wat 
particularly skilled in finding calamine ; and in making brass. 
Be introduced the method of drawing iron wire by means of en- 
gines ; which before the sc? enth year of.Queen Elizabeth's reign 
had been drawn by man's strength in the forest of Dean. This wire 
was principally used in making bird cages and cards for combing 
wool. , 

The foregoing anecdotes of the history of mining have been 
principally collected from Stringer's Mineral Kingdom. 
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PLATINA. 



Aurum album ; from its great specific gravity, and 
white colour. 

Specific gravity before it is purified 15^60 ; after it 
has been purified 20^98. 

The name of this metal is derived from its resem* 
blance, in its native state, to small grains of sil- 
ver; the word platina being a diminutive of 
plata^ which in Spanish signifies silver. 

The existence, of platina was scarcely known in 
Europe before the year 1740. In its native state it 
occurs in small apparently flattened grains of a dull 
silvery lustre, and in general about tlie size of a small 
pin's head ; mixed with minute particles of oaagnetic 
iron, gold, and quslVtz. It is, besides, alloyed with 
several metallic substances ; some of which possess 
characters that distinguish them from all other me- 
tallic substances hitherto known. 

Quicksilver is sometimes made use of for the pur- 
pose of separating the gold that accompanies na- 
tive platina: and this accounts for the occasional 
presence of particles of quicksilver in the platina of 
commerce. 

VOL. II. L 
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%I. Vuuquelin has lately discovered the existence 
of platina in a silver ore from Spain ; into the com- 
position of which it enters in the proport'on of one 
tenth. With the exception of this single instance, pla- 
tina has only yet been found in the jiold mines of 
America ; near Choco in Pern, and at Santa-Fe 
near Carthagena. From the flattened appearance 
of its particles Walterius supposes that it has l)ecD 
separated from gold ores by means of stamping mills. 
According to Broii^iart it is fuund in alluvial tracts 
containing fossile wood, and covered over with frag- 
ments of basalt. 

Platina is less expanded by beat than any of the 
metals ; and hence it is employed witli advantage in 
the construction of geometrical instruments. It is 
also very useful for the purpose of making telescopic 
mirrors; partly in consequence of its resisting the 
action of the air witnout tarnishing; and partly be- 
cause from its great density it possesses in a higher 
degree than other metals the power of reflecting 
light. 

Platina in its native state is distinguished easily 
from all other minerals by its peculiar appearance. 
When purified it is distinguished by its colour and 
weight. 
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GOLD. 



Native Gold. 

The specific gravity of native gold exceeds 1 2, more 
or less in proportion to the quantity of copper or 
silver with which it is alloyed : the specific gra*- 
vity of pure gold is 19,25. 

Its crystallized forms are 

The tegular octohedron. 

The garnet shaped crystal having 24 trapezoidal 
faces. 

The cube? 

A four-sided prism terminated at eich extremity by a 
four sided pyramid ? 

A dodecahedron ? 

M. Haiiy observes that the second variety is the 
most rare : of the existence of the three last varieties he 
seems to speak with some degree of doubt The form 
of crystallized gold is not often accurately defined. 

Gold also occurs of a dendrilical form ; the ramifi- 
cations in some instances appearing to be made up of 
small octohedral crystals, accumulated one above the 
other. 

Sometimes it is met with in delicate capillary fila- 
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voyage sow a large fragment of oue of these rocks, in 
which a considerable lump of gold was entangled. 
He says that the slaves, who were employed to collect 
the gold, were bound to supply their masters with fifty 
grains a day, the value of which was equal to about 
nine shillings. What they collected above fifty grains 
tfaey had the right of retaining for themselves. 

Gold is commonly recovered from the sand con* 
taining it by the (Nrocess of washing : by whictv in 
consequence of the difference in the specific gravity 
of the two substances, a separation is easily effected : 
the gold alnK>st immediately subsiding; while the 
sand is poured off together with the water, that for a 
time is capable of holding it in suspension. 

In some instances the gold contained in the sand of 
rivers has been brought down from the mountains 
where thore rivers originate ; but this is not always 
the case : so that those who have traced the current 
of a river towards its source, with the hope of finding 
a more abundant supply of gold in that quarter, have 
often been deceived. In some rivers, indeed, the 
sand of those parts, which are farther removed from 
the source, is richer in gold than the sand of those 
parts which are nearer ; which of itself is almost suf- 
ficient to prove that the gold has not in these in- 
stances been brought from the mountains. In the 
case of the Tesino, which flows through one of the 
lakes in the north of Italy, the quantity of gold in 
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tliat part of the river, which is below the lake, is in 
much greater abundance thim in that part of the river 
which is above the lake; where indeed a very small 
quantity, if any, is found : but, supposing the gold 
to have been detached from the mountains near the 
source, it would hardly have been conveyed through 
the lake, where the current of tiie river must necessa- 
rily have been much slackened, to be deposited in a 
more distant part « here ihe current was much stronger. 

But tliere are stroni^ positive grounds for supposing 
that the gold found in the sand of many rivers has 
been derived from the soil surrounding that part of 
their course where it is met with : for it is found in 
very circumscribed situations; and the quantity is 
always greater after violent showers have fallen 
upon the open country immediately adjoining; and 
the soil of this adjoining country, if washed, itself af- 
fords gold. 

Most of the gold of commerce comes from Afiica 
and America : and, from various accounts, it appears 
that alhivial districts afford by far the greatest pro- 
portion of this ; and that the alluvion in which it is 
contained is principally a ferruginous sand. The 
only considerable gold mines in Europe are those of 
Hungary. 

Gold is never found in any other than a native state; 
and is usually alloyed with copper, orsilver,"or iron; 
sometimes, with all of these. 
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A variety of native gold analysed by Lampadius 
consisted of 

Gold 96,9 

Silver 2 

Iron 1,1 

10(),0 



On the separation and refinement o/* Native Gold- 

Native gold is separated from the substances ac- 
companying it by means simply mechanical, as 
pounding and washing ; or by fusion with lead ; or 
by the process called amalgamation. These processes 
are employed previously to the operation of refine- 
ment. 

The process of washings the principle of which has 
been already explained, is commonly employed iu 
separatmg gold from the sand of rivers Sec. 

The process by fmion with lead is applied princi- 
pally to the ores of other metals, which contain a suf- 
ficient proportion of gold to repay the cost of ex- 
traction : these ores are for the most part sulphurets 
of copper &c., but particularly sulphuret of iron, or 
iron pyrites ; and are consequently called auriferous. 
These sulphurets are roasted, or exposed to a sufficient 
degree of heat to expel most of their sulphur; which 
operation in a great measure disengages the parti* 
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ties of gold before enveloped in the mass ; and then 
they are melted witti lead. The lead combines with 
the gold, which is recovered by the process of refine- 
ment. 

The process by amalgamation depends on the pro- 
perty which quicksilver possesses of attracting and 
combining with gold ; and is applied either to auri- 
ferous metallic sulphurets, or to native gold con- 
tained in indurated rocks. In either instance the 
substances containing the gold are stamped and tritu- 
rated with quicksilver, the sulphurets however being 
previously roasted ; and during the process the quick- 
silver absorbs every particle of Ihe gold, loses propor- 
tionally its fluidity, and forms that kind of alloy which 
is called an amalgam : the term amalgam being ap- 
plied instead of alloy to a combination of any metal 
with quicksilver. This amalgam is afterwards washed 
by a current of water, in order to separate the parti- 
cles of' earthy matter ; and a great portion of the 
quicksilver is separated from tlie gold by straining 
il forcibly through linen bags: the gold which re- 
mains on the linen is then exposed to a iiegree of 
heat sufficient to volatilize every particle of the quick- 
silver; and the gold itself remains behind, alloyed how- 
ever in general with silver, and sometimes other metals. 

The gold separated by any of the three foregoing 
processes is afterwards melted with the quantity of 
lead that has by experience been found necessary, 
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€Mid is submitted to the process of cuppellation. 
This process is so named from the vessel employed 
to bold the mixture of the lead and gold, called a 
coppel or cuppel : it is made of calcined bones ; 
which are pondered, and with the smallest quantity of 
water possible formed into the appropriate shape : 
the substance of this is very porous, and on that cir- 
cumstance in a great measure depends its use. 

The use of the lead in the process of cuppellation 
depends partly on the property which it possesses of 
being vitrified by the joint action of air and a high 
degree of heat; and partly on its power of pro- 
moting the vitrifaction of almost all the other metals, 
except gold or silver. The gold then, together with 
the lead, being placed on the cuppel ; and a strong 
beat being applied, together with a constant current 
of atmospherical air ; the mass is soon melted : and the 
lead being vitrified by the joint action of tlie heat and 
air, and vitrifying the base metals with which the na- 
tive gold was alloyed, sinks in the fonri of a viscid 
glass into the substance of the cuppel. For the ef- 
fectual separation of tin or iron, sulphuret of anti'- 
mony is used after the lead. By a careful manage- 
ment of this process the lead and all the other metals 
are separated, and the mass which remains behind 
consists entirely of the gold, mixed with whatever 
proportion of silver was originally contained in it. 

If the separation of the silver is required, the gold, 

VOL. II. M 
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after the completion of the foregoing prcMjess, is 
melted with ttiree times its weight of silver : the 
mixedmafiswhencODSt^idated is flattened intolaminc, 
■nd boiled in nitric acid ; which dissolves the silver, 
and leaves the gold in a state of purity. 
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Native Silver. 

Virgin silver. 

Specific gravity about 10 ; but this varies according 

to' the degree of purity of the silver. 
The crystallized forms of native silver are 
The regular octohedron. 
The cube. 

The cubo-octohedron ; which is obtained artificially 
by cutting off each solid angle of the cube, so 
as to produce eight new equilateral triangular 
surfaces : the crystal then consists of fourteen 
sides ; the remaining six of which are squares. 

Native silver also occurs in a dendritica) form ; ori- 
ginating, as in the instance of gold, from the accumu- 
lation of numerous octohedral or cubic crystals one 
above the other. Sometimes these ramifications di- 
verge and radiate : sometimes tliey are compressed 
between two laminse of the stony matrix in which 
they occur ; and then, being situated all in tlie same 
plane, they resemble m some measure the leaves* of 
fern : at other times the ramifications cross each other 
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lure; antimony and antimonial silver being brittle, 
and of a laminated structure. It is distinguished 
from arsenical cobalt by the garlick smell, which the 
latter emits upon the application of the blowpipe. 

Silver alloyed with Antimony. 

White Antimonial Silver ore, 

Antirnmiiated Native Silver ; of Kirwan. 

Slightly malleable when struck cautiously. 

Of a silvery wliite colour. 

Easily reduced by the blowpipe ; the antimony flying 
off in the form of a white vapour. 

Structure irregularly laminated; occasionally gra- 
nular. 

Specific gravity varies from 9,44 to 10,00. 

Primitive form not ascertained ; apparently the regular 
hexhedral prism. 

Fine grained Antimoniated Coarse grained Antimoniated 
Silver oj Furstemberg. Silver of Fur Sternberg, 

Silver . . . • 84 76 

Antimony ... 16 24 



100 Klapr. 100 Kla;pr. 

Antimoniated Silver of St. Andretisberg, 

Silver . . 77 . . . 78 . . . 7o,25 
Antimony. 23 . . . 22 . . . 24,75 

100 Klapr. ICO ^auq. 100,00 Abich, 
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Antimoniated silver does not often occur. It Itas 
been met with near Guadalcanal, in Spain ; in the 
territory of Furstemberg, in Suabia; and near St. An- 
dreasberg, in the Hartz: it is usually accompanied 
with calcareous spar, and sulphate of baryt; rarely 
withtluor spar. It has often been mistaken for a variety 
of silver ore called arsenical silver; but the latter 
emits a very strong smell of garlick upun the appli- 
cation of the blowpipe, which antimoniated silver 
does not. It is distinguished from native silver by its - 
brittleness. 

Arsenical iron pyrites and arsenical cobalt resem- 
ble it : but the former strikes lire with steel ; and both 
emit a strong smell of garlick when triturated. 

Silver alloyed with Arsenic and Iron. 
Arsenico-martial Silver ore ; of Kirwan. 



Iron . . ., 


. . 44,25 


Arsenic . . 


. . 35 


Silver . . 


. . 14,75 


Antimony . 


. . 4 




yfi.OO Khpr. 



This ore is of very rare occurrence: it is usually 
found with native arsenic, red silver ore, granular ga- 
lena, and blende, in close laminated calcareous spar. 
The foregoing analysis is of a specimen from St An- 
dreasberg in the Hartz. M. Hauy thinks that not- 
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with$;tanding . their gfeat proportion the iron and 
arsetiic are to be considered as accidental ; and that 
the oi'e is a variety of antiinoniated silver. The mu* 
tual proportion of the silver and the antimony is very 
nearly the same in arsenical, as in antimoniated 
silver ; for 12,75 : 4 nearly as 76 : 34 *. 



SULPHURET OF SiLVER. 

Sulphurated silver ore; of Kirwan. 
G laser Zj or glasstf ore ; of the Germans. The term 
glaserz is supposed to be a corruption of glanz^ 
erzy or shining ore: for the ore in question has 
not the least resemblance to any thing like glass, 
but has frequently a considerable degree of me- 
tallic splendour. \^ 

Vitreous silver ore. The term vitreous ore is merely 
a translation of the German word glaserz; the 
probable origin of which has been just explained. 

It is of a leaden grey colour : tl^ fresh surface is 
of considerable lustre; but soon tarnishes upon 
exposure. 

Easily reducible by the blowpipe. 

It is malleable, and may readily be cut by the knife. 

^ Vid* the second Apalysii, p* 85. 
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Specific gravity varies from 6,90 to 7,21. 
Its crystalline forms are 
The cube. 

The cnbo-octohedron. 
The octohedron. 

The garnet-shaped dodecahedron. 
The crystals are often aggregated in rows. 
It occurs also in dendritic, and other forms ; and com- 
pletely amorphous. 

Silver .... 85 .... 84 
Sulf^hur , ... t5 .... }(i 

100 Kiapr. 100 Sage. 

This is the richest of all the ores of silver ; not only 
- on account of the proportion of silver contained, but 
the ease with which it is reduced. By a well regu- 
lated heat the metallic silver tnay be made to exude 
in a curled capillary form : and the sulphuret of silver 
thus altered is occasionally sold as native silver ; 
some of the most beautiful forms of which it closely 
 resembles. Perhaps in some instances native silver 
may have been occasionally derived from a similar 
source. 
.The malleability of this substance, as being a me- 
tallic sulphuret, is very remarkable. It receives any 
impression so accurately that it has been. used for 
stamping medals. 

Sulphuret of silver is met with commonly in Hun- 
gary, Bohemia, Saxony, and Norway. 
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Antimoniated Sulphubet of Silver. 

Red silver ore. 

When pure it is of a clear red colour, and slightly 
transparent ; but by exposure it acquires a me*- 
tallic steel grey brilliancy, and becomes opaque. 

It is a conductor of electricity. 

It is brittle and easily scratched by the knife. 

Reducible by the blowpipe. 

Specific gravity varies from 5,56 to 5,68. 

Primitive form, an obtuse rhomboid ; the plane an- 
^es of which are 104^ 28' and 75^ 32'. It occurs 
under a. great variety of secondary forms ; but is 
not often very distinctly crystallized. 



Silver . . 62 

Antimony . 18^5 

Sulphur . 1 1 

Sulphuric Acid S,5 



100,0 Klapr. 



Silver 
Antimony 
Sulphur . 
Oxygeti . 



56,67 
16,13 
15,97 
12,13 

100,00 Fauq. 



The superficial alteration of colour that takes place 
in red silver, by exposure to air, is supposed to de- 
dend upon the partial loss of the oxygen contained in 
it. The red colour is always perceptible upon tritu- 
rating it ; and may often be rendered visible by the 
scratch of a knife. 

The silver contained in this ore may be made to as- 
sume a capillary form by the method described in the 
history of the sulphuret of silver. 

TOL. IL. N 
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Red silver ore occurs in considerable abundance 
in the mines of Sa\ony and the llartz, and in Bo- 
lietnia. 

This variety of Silver is 'distinguished from tealgar, 
OTsirfphuret of arsenic, by its greater specific gravity; 
vrtd by the red colour of its powder : realgar, be- 
sides, acquires the negative or resinous elecBicTty hf 
friction ;  but red silver ore is a conductm* of the etec* 
trie fluid. It is distinguished frotn cinnabar or sal* 
phuret of quicksilver by its inferior specific grarilj; 
and in being only partiaHy volatilized by heat 
 Those varieties wliich have lost their colour may 
be ■distingiiished from sufplnrret of -silver, by th^ir 
brittleness: from specular iron ore, by their higher 
degree of colour wliea triturated, and by their not af- 
fecting the, magnetic needle: frotn grey copper ore, 
by their red colour when pulverized ; and by their 
being more easily scratdred. 

Black Silver Ore. 

Sofl/y ore of silver ; of Kirwan, 
Silver -mulm. , 

It often occurs in. a black pulverulent form ; aome- 
tiraesin distinct crystals whjch liave a corroded ap- 
pearance. Internally it has a metallic lustre, and 
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beoQO it haa been calktj *' briitk vitreoifs sArer 
•« ore." 

By many it is considered as «n altered ^rro of r^ 
liiver ore. 

Silver ^ , , • 66^Q 

Antimony . • 10 

' Iron . . • , 5 

Sulphur ... 12 . - 



93,50 X/apr. 

Muriate of Silver. 

Horn Silver: from its occasional resemblance to 
horn in transparency, toughness, and the man- 
ner in which it yields to the knife. 

When pure it is nearly colourless ; and has a consi- 
derable degree of transparency : hence it was 
formerly called glassy ore of silver. 

Fusible by the blowpipe ; melting much in the same 
manner as wax : itis afterwards reduced. 

Specific gravity 4,74. 

It occurs crystallized in a cubic form. 

Stiver of Saxony or Bohemia. 
Silver .... 67,75 
Muriatic Acid « • 2i 
Oxyd of Iron . . 6 
Aiunaine • • • . 1,75 
Sulphuric Acid • • 0,25 

96,75 Klapr. 
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This is now a very rare ore of silver : and its ex- 
ternal characters are not sufficiently distinct to admit 
of a general description. 

The mines of Saxony and Bohemia were rich in 
this ore in the sixteenth century: and in the electoral 
cabinet at Dresden is a mass weighing several pounds, 
which probably came from thence. 



1 
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Native Quicksilver. 

Native Mercury ; of Kirwau. 
Specific gravity 13|58. 

It is unnecessarf to dwell on the characters of a 
substance so retriarkable, and which occurs so com«> 
monly, as this. 

The matrix in which it most frequently occurs is an 
argillaceous schist, or marl : and upon breaking a 
specimen of this kind numerous brilliant metallic glo- 
bules appear, disseminated through the earthy sub- 
stance, or accumulated in the crevices and cavities in 
its interior. 

The quicksilver may be collected in these instances 
by mechanical means ; or^ still more completely, by 
distillation. 

Native quicksilver is found abundantly in the mines 
of Idria ; and of the Duchy of Deux-Ponts ; and of 
Almaden, In Spain. There Is a very rich mine of it 
also oear Guanca Y^lica, in Peru. 
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Quicksilver liUoycd with Silver, 

Natural amalgam ; of Kirwan. 
This is found sometiiueis in ^ ^ft^ and almost fluid 
State ; sometimes solid and crystallized. 

Quicksilver • . • -.-^^ • • . • 7<5 

ft 

Silver . . . . . 36 . • . . £5 - 



100 ISMfr. 100 Heyer. 

Tills variety occurs ^»o)pally i» the tniHes of th^ 
Duchy of Deux-Ponts ; and accoBop&fties 'native' quick-' 
^y^r^.^gW^gb^reti qf flyicJ^s^l^ye^j^ .X^^eaJ^r the 

j^FppvrtioiiQf qwivmvpr Qpnt^we^ii the jpfli*^ ^^ ^ 

course is the amalgam. 
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*^ V SuLPHtJHET Of QuiCK&rLVlB; 

Cinnabar. 
' Native cinnahar^ iftf'Kirwiari ; to disti'nguislv it from 
the artfficially prepared cinnabar, or vermilion. 
Minium I of Pliny. 
Easily scratched by tiie knife. 
Volatilize* entirely by the tidtion 6f the Wdwpipc*. 
Specific gravity varies from 6,90 to 10,2 1. * [■ 

Primitive form, ttie regular h^xhedral prism, ' 

..■•»'  . . • •  



» f " 



• . » '. 



<iuicMs!!vei- '; J . ' *0 • ' 

100 Sagt. 
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Ciun^tetr is fi*eqiienitly the tiuitrix of native qilick^ 

I silver : it is principally found in tfa6 mtsies of Idrh^ 

j De44x^PointS) &nd Alnutden in Spain. ^ The min^i of 

Spain ar6 llm tnosC aliment^ tfUid ^rer^ worked in tbd 

I time of the Eomarts. ' 

It AppeAtis from Vitnivius that the term mimam 
Wats derlvt^d from; the name of .a rii^er in Spain ; aod 
ttet^ are si^^l passaged in Pliny which shew tbaC 
tlte t<^rai iiitnioni vms applied to a: substance corres- 
ponding with oar cinnabar. He says that almost all 
Ihe mitiiain in use at Rome came frohi Spaid j and 
that the ore was sent over from Spaiii S€isll4d<. . TU 
first ictccumslance shews tlie abundaticb in wbida mi- 
fiiom was met with in Spain ; the last^ its value t 
both afe characteristic marks of the cinnabar of the 
present day« He also says that those who were em« 
ployed in reducing the mioiuiii to ponder wore loom 
bladders over their face^ lest they sbodld inhale tb« 
dust ; tlie efifects of which were very pernicious : this 
custom is also observed at the present day by those 
who are employed for a length of time togetliwr in 
triturating preparations of quicksilver. 

The term cinnabar was originally applied to the 
drug commonly called " dragon's blood," which is of . 
a dull red colour : it was afterwards transferred to 
the ore of quicksilver now under consideration. 

Sulphuret of quicksilver may easily be reduced by 
mixing it with quick-lime or iron filings, and submit- 
ting the mass to the process of distillation : the lime 
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er the iron attracb the sulphur, and the qnicksitver 
pasSK over in a disengaged state. 

This variety of quicksilver is commonly met with 
in clay, or in ochry earths : when in a fiite pulverulent 
state its colour is often very bright ; and it is their 
called native vermilion. It is occasionally of a com- 
pact texture and brown Uver colour ;, whence the term 
hepatic cinnabar : cinnabar of this kind emits a bitu- 
minous smell when exposed to the action of the blow- 
pipe : it derives this smell from bituminous schistus 
with which it is mixed. Much of the cinnabar of 
Idria is of this kind. 

Cinnabar is distinguished from red silver by the red 
streak it gives when rubbed on paper ; and in being 
entirely volatilized by heat: from realgar, by the 
bri^it red colour of its powder ; the colour of re- 
algar, when pulverized, being yellow : the same mark 
will distinguish it from chromate of lead : from red 
cobalt ore, by its more lively red colour ; and in not 
emitting a smelj of gariick, when exposed to the- 
blowpipe. 
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Muriate of Quicksilver. 
Horn quicksilver; from its analogy in composition 

to muriate of silver, called hornsUver. 
It is brittle. 

Volatilized by the blowpipe. 
It has not the softness of hornsilver, and may thus b« 

distinauisbed from it.. It has only occurred u 

the mines of Deux-Ponts. 



Oxyd of Quickwlver 
Muriatic Acid 



• • • • 



70 
99 
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Native Copper. 
Specific gravity 8,58. 
The principal crystalline forms are 
The cube. 
The octohedroo. 
The cubo-octohedron. 
It also occurs in dendritical and other forms, much in 

the same manner as gold and silver; butinlarger 

masses. 
Ths word copper, cupntm, appears to be derived 
from the name of an artificial alloy of this metal, 
called <ES cyprium; which was a compound of cop- 
per and tin. In the early natural historians £ESy when 
used simply, very often signifies copper. 

Native copper, which is as easily recognized as 
most substances by its external characters, is met vi-ith 
in many parts of the world ; sometimes distinctly 
crystallized ; more frequently ramifying in various 
forms through the substance containing it. 

Some of the most beautiful specimens of native 
copper are met with in Siberia, hi the eastern extre- 
mity of the Oural mountains, in about the sixtieth de- 
gree of latitude : the matrix of this copper is a granu- 
lar while earbonatc of lime. 
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Native capper is also met with in quartz, through 
M hich it often penetrates in the form of irregularly 
prismatic bars ; iu serpentine ; in varieties of basalt 
and porphyry ; and in granite. . 

u^ccording to Mr. Jameson it is frequently found in 
great masses dispersed over the surface of the earthy 
fn uncultivated countries; whence Werner conjec- 
tures that it was the first metal worked by man. From 
its obvious metallic . characters .this opinion may be 
"Considered as very probable, especially when sup- 
ported by the account which is given of some of the 
savage tribes in the north western parts of America ; 
who, though little civilized in most respects, have ap- 
plied to domestic purposes the native copper with which 
their country abounds ; and, from one of the uses to 
which they have applied it, are commonly denomi- 
nated copper-knived Indians. 

Lucretius alludes to the early use gf copper in 
these words : 

Prior aris erat, quam ferri cognitus usus ♦. 



When native copper is met with in the body of 
primitive limestone, and other rocks which appear to 
have undergone a state of fusion, it is presumed that 
it originally crystallized in the situation where it is 
now found. In particular situations it appears to be 
the result of a secondary formation.; and. is conjee- 

 Lib. v. 
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tared by some to have been derived from the - saline 
form of this metal, called blue vitriol ; which is a 
combination of copper and sulphuric ucid. In these 
instances it is supposed that some substance, having a 
stronger attraction for sulphuric acid than copper, has 
dec<jmposed the bu\t ; and that the copper has been 
precipitated in consequence. Thus into tl>e water oi 
some mines, holding blue vitrio) in solution, it is cus- 
tomary to throw pieces of iron in order to decom- 
pose that metallic salt ; and the copper is precipi- 
tated on the iron in proportion as the decompo^ 
sition proceeds. This mediod of separating cop- 
per was first practised at Heren^und, near Neu- 
sol,.in Hungary. The copper so obtaioed is called 
copper of cementation, or cement copper : but Mr. 
Price, in his " Mineralojiia Comubiensis," says, 
that the word cement is a corruption of " Ziment,*' 
which is the name of a place near Herengrund, From 
observing what happens in this artificial process, and 
comparing the effect with the occasional slalairmitic 
appearance of native copper, some mineralogists are 
inclined to attribute this appearance to a similar 
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Red 0:jf.TD of. Coppee* 

Calciform red Cepper arc ; of Kirwap. 

Ruby^ Copper ore. 

It id reducible by the bl6\«?pipe« 

Easily scratcdied and pslTemed. i 

Specific gravity 3,95. 

Primitive form, the. regular octdiedroii* \t occurs 
also in Ctthes; and in mixed. forms of the octo-* 
hedron and Cube. It is sometimes Ibund in de« 
licate capillary filaments pf a bright red colour : 
sometimes of a laminated stxucture ; and, occa* 
siunally, amorphous. 

Copper • 85 

Oxy^^ \5 

100 

This variety of copper occurs in several mines in 
Cornwall. It is sometimes intimately mixed with 
the native metal. Many of the Cornisb specimens 
consist of a spongy or carious mass of amorphous red 
copper ore, the cavities of • which are richly set with 
octohedral crystfils of the same substance. The size 
of these crystals rarely exceeds that of a pea, sup- 
posiiig it cut into an octohedral form; but they are 
remarkably distinct, and are oeoasionally transparent, 
and of a fire red ruby colour. By exposure they 
seem to. lose their transparency, and even their co« 
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lour; acquiring by degrees a steel grey colour, and 
completely metallic lustre. In their passage from 
ihe one to the other state, they have occasionally a 
very beautiful superficial iridescence. But to what- 
ever extent the red colour df this ore be altered, it 
may always be rendered visible by triturating a small 
portion of its substance. 

If red copper ore be pulverized and tlirovrn into 
nitric acid, a violent etfervescence ensues, and the 
copper is dissolved ; the liquor at tlie same time ac- 
quiring a green colour : from the effervescence which 
it here occasions, red copper was at first supposed 
to be an ore containing carbonic acid or fixed air ; 
but the cause of the effervescence depends on the 
decomposition of the nitric acid, by which a quantity 
of nilrous gas, or perhaps nitrous acid gas, is set at li- 
berty. Were any carbonic acid present in the ore, an 
effervescence ought equally to take place during its 
solution in muriatic acid ; but this is not the case. 

It may perhaps be worth while to explain in a more 
particular manner the nature and occasion of the effer- 
vescence above described : as it will serve to eluci- 
date the manner in which metals in general combine 
with acids. 

The gas, which is separated in the instance above 
mentioned, when combined with the necessary pro- 
portion of oxygen, forms nitric acid : on the other 
hand, if the necessary proportion of oxygen be.separ. 
rated from nitric acid, it assumes the form of this gas : 
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and as metals in general are strongly disposed to 
.combine with oxygen to a certain extent, they ofteti 
readily decompose substances containing oxygen, in 
order to saturate themselves : nor will they indeed, 
unless previously oxydated, unite with acids. And 
though red copper is a natural combination of the 
metal with oxygen, yet it is not combined with as 
much oxygen as it is capable of combining witli : it 
therefore decomposes tlie nitric acid; and conse- 
quently disengages, according to the explanation 
above given, a quantity of nitrous or nitrous acid 
gas ; which by its escape occasions the effervescence 
observable during the solution of red copper in nitric 
acid. 

As muriatic acid is not liable to a similar decom- 
position, and as the ore contains a sufficient propor- 
tion of oxygen to render it soluble in that acid, red 
copper is gradually dissolved in it without any effer- 
vescence. 

If red copper be simply heated, it melts with com- 
parative difficulty : if heated to even a less degree, 
in contact with charcoal, its oxygen unites with the 
charcoal, and forms carbonic acid ; which flies off in 
an aeriform state : the metal is at the same time re- 
duced, and, where the experiment is conducted by 
means of the blowpipe, appears in the form of a bril- 
liant globule. The reduction in the large way will 
easily be understood from what has just been said ; 
for the ore being mixed with charcoal, or any tolera- 
bly pure form of coal, its oxygen is separated, and 
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Ihe reduced metaltic pnuticleB sJiik, and unite t<^gether 
w one mass at the bottom of the crucible or furnace^ 
in wfai<^ the operation bas been canied on. 

From the analysis already given it appears, that 
iba is an exceedjn^y rich capper ore : and its value is 
enhanced by the ease with which it b reduced. 

Red copper is found in various parts of Europe, 
usuallyaccompanied with native copper, and malachite 
or green copper ore. 

Wallerius in speaking of this ore, which he deno 
Btnatea " oohra cupri rubra," says that there is a 
iveny productive mine of it in Dalecarlia, called " mag- 
" Dum cupviinontiuui ;" which is said to have been 
discovered by ttie observation that a goat, fed in that 
iKii^hbourhood, used to return home every evening 
-with hs hide reddened. There is a similar account 
m Tlteopbrastos, or Pliny, of the discovery of a mine 
fif cinnabar, in Asia Minor. 

Red copper is distinguished from red silver by tlie 
effervescence it occasions, when thrown into nitric 
acid ; and by its disposition to a cubic or an octobe- 
dral crystallization : fix>m cinnabar, by its solubility 
in nitric acid ; and by its reduction to a metallic glo- 
bule under the action of the blowpipe, whereas cin- 
nabar is immediately volatilized : Irom red plumose 
sntiniony, by the same circumstance ; and also by 
its brigliter red colour. 
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. Earthly red Oxyd of Copper, mixed with brown^ 

Oxyd of Iron. . 

Tile-ore. 

13rick-r€d Copper ore ; of Kirwan. 

This ore, whicjb is called tile-ore from its colour, 
consists of an earthy form of red copper ore inti- 
mately mixed with bro.wn oxyd of iron. It contains 
from one fifth to one half of copper ; those varieties 
which approach nearest to a red colour containing the 
greatest proportion of copper. . The varieties that are 
of a brown colour contain the greatest proportibn of 
iron. 

. It is almost always found in the neighbourhood o{ 
red copper ore. 

When very highly indurated its fracture resembles 
that of pitchy an I it has from that circumstance been 
called pitch-ore of coppjsp. 

SULPHUB£T OF CoPPER. 

The colour of sulphuret of copper is very different 
in different instances : it will be convenient therefore 
to arrange the varieties of this ore under different 
heads, according to the predominant colour ; begin- 
ning with that which contains the greatest proportion 
of copper. 
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Grey Sulphuret of Copper. 

Cuprum sulphure miReraUsaluni, minera obscure ni- 
tente, grisea, moIU ; of l^allerius. 

Cuprum vitreum ; of the same author. 

Vitrtous Copper ore ; of Kirwan : the- ori^tr of the 
term vUreoua seems to have arisen in this in- 
fttftnce from a similar mistalse with that described 
under the bead of sulphuret of silver, or vitreous 
silver ore *. 

{t ift very, brittle in gmtral: the purof varieties are 
slightly malleable. 

Its.colour is a duU iron grey ; whtdi by exposure be- 
comes black. 

Beducible by the blowpipe : leaving a metatlic but- 
ton ; which is of a grey colour, in consequenca 
6f the iron ooBtained in it. 

Specific gravity vari^ from 4,81 to 5,39. 

It is sometimes crystallized in regular hexhedrat 
prisms : but it commonly occurs in amorphous 
masses. 

Copper 78,50 

SulphuF 1R,50 

Ieob. 9fi5 

^jlfl]^ ......... 0,75. 

100,00 Klapr. 



The variety of which the analysis has jost t>eec 
given was moderately soft ; and came from the dis' 
trict of Catharitiaburg, in Siberia. 

This is a very rich ore of (copper; but not so easilj 
reduced as the preceding, on account of the sulphuj 
contained in it. It is met with principally in Siberia. 
Sweden, Saxony, and in Cornwall: the last men- 
tioned place affords the most distinctly crystallizec 
i^pecimens of the grey sulphuret of copper. 

A considerable quantity of this ore has lately beet 
recovered from the refuse of several old mines ir 
Cornwall, which were worked seventy or eighty yean 
since ; the valuable nature of this ore not bein^ 
known there, at that time. 

It is comfhonty accotnpaiiied by yellow gulphurie 
of copper. 

Grey sulpfatiret of copper may he didtinguishec 
from the discoloured varieties of red copper dfe, ii 
not effervescing with nitric acid : from sulphufet o 
silver, by its brittleness ; and by the grey toloui 
of the metallic button which it leaves after tfa« actioi 
#f tbt blowpipe. 
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Variegated or iridescent Sulphuret of Copper. 

Cuprum sulphure et ferro mineralisatum, ininera so- 
lida nitente, riolacea vel caruksante ; of Wal- 
Ici'ius. 

Minera capti hepatica^fusca ; of the same aiiUior. 

Purple copper ore ; of Kirwan. 

The colours of this varie^ upon the whole resemble 
those of tarnished sleel ; and* often gradually 
fade into a unifonn bluish bronze colour: this 
change takes place in consequence of exposure 
to atmospherical air. 

Ilii^ducible by the blowpipe much in the same man- 
ner fts the preceding variety. 

Specific gravity varies from 4,30 to 4,95. 

Vartsgated Sulphuret Variegated SulpHarei 
from Noraa^. from SUesia, 

Copper .... 69,50 68 

. Sulphur 19 19 

Iron ..... 7,50 18 

Oxygen .... 4 5 

ICO,00 Klapr. 100 Klapr'. 

This variety differs from the preceding, with re- 
spect to its component parts, in containing a smaller 
proportion of copper, and a greater projK)rtion of 
iroti. The copper is, besides, in a slightly oxydated 
state in this instance ; whereas in the preceding it is 
completely in a metallic state. The variegated co- 
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lour ig supposed by M. Klaproth to be owing to the 
slightly oxydated state of the metal : so, in steel and 
other metallic substances, the beginning of their oxy« 
dation is indicated by a similar diversity of colours; 
In the last mentioned substances indeed the change 
of colour is only superficial, for the oxygen of the 
atmosphere can only act upon the surface 6f the me- 
tal : in* the variegated copper ore the diversity of co- 
lour penetrates the whole mass, in consequence of the 
universal presence of the oxydating principle through- 
out the substance of the ore. As however the^ oxy- 
dation is slight, the metal is disposed to absorb a fur- 
ther portion of oxygen ; and the uniform brown co- 
lour is gradually produced in consequence, as often 
as a fresh surface is exposed to the action of the 
air. 



Yellow Sulphuret of Copper. 

Cuprum sulphure et ferro mineralisatum, mkjcni' 

colore aureo vel variegato nitente ; of Wallerius. 
Minera cupri Jlwoa ; and, minera cupri viridescens ; 

of the same author. 
Copper pyrites ; from its resemblance to the natural 

form of iron called iron pyrites. 
Vellow copper ore ; of Kirwan. 
Pigeons' neck, find Peacock copper pyrites: these 

terms are applied to the iridescent varieties* 
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It is DOt in the slightest degree mallmble. 

Yields easily to the file ; and ran^y fttrikci firc widi 

. sted. 
Its coluur is for tbe ma>t part ft g;«ew4h ycUow ; 

with oocasinnally a superficial irklesceDoe. 
Fusible into a black globule by tbe blowpipe. 
Specific gravity varies from 4,08 to 4,S^. - 
Fritnitivc form, ttie regular tetrahedron. OaaoCoutiC 

of the [teculiarity of tlie primitive £i>rin, M. Uaiijr 

mak&s the yellow sulphupet a diatioct speciet 

ftrom the two precedii^. 

Copper ... 40 ... 41 
Iron . . . . 40 . . . 17,1 
Sulphur . . . 20 . . . 4', I 

loD Sage 103,2 Lampadim 

The increased weight of the substance in tbe analy- 
sis of LampadiuB depended perhaps on the oxydation 
of the metallic part during the process of the analysis. 

It appears by tbe foregoing aiMdyses, that in some 
Histanceii tlie propwtion of iron OHitained in yellow 
sulphuret uf copper is equal to tbe copper itself : so 
that with respect to the natural clattsificatioii, it would 
be difficult to detennii>e mtder the head of which me- 
tal such an ore should be arranged : in an artificial 
classilicatifHi there is not tite same difficulty, because 
if the substance is eiu|jloyed fur Che purpose of ex- 
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tractiog tjj^ copper, this will be sufficient td justify its 
|»ing, dossQd nmong the ores of that metal. 

Oa the other hand all the. natural forms of sulphu- 
xet of ironj or iron pyrites, contain some propoition 
9f copper; and this proportion is so variable that no 
fixed Umit can bo agreed on to afford grounds for an 
^ccurato definition of either substance. Rom^ de 
Lisle attempted to establish a difference by means of 
^ erystimine form, asserting that in the yellow sul. 
phgret Qfepgpet this was always a complete or modi- 
fied t^t¥9Jt|Q(l^Qn.: bxil copper pyrites sometimes occurs 
m the farm of t!:ije r«^ular octohedron ;' a form which 
^qq^ly-belongstathe.sulpburetof iron, or iron pyrites. 

Front the difficulty attending a strict classification 
of tUe varieties, of the substance under consideration, 
M. Haiiy has simply called them by the name oi 
copper pyrites ; under which may properly be classed 
all those crystals of a bra'ss yeHow, or greenish yel- 
low colour, the foriw of which is a tetrahedron, or a 
Q^o^ific^tJQa of the tetrahedron. ' In the amorphous 
?ari^ies copper pyrites ivay upon the whole be dis- 
tinguished from iron pyrites by its deeper yellow co- 
tenp, whfich is abo tinged with a shade of greea ; and 
by itSr infeciof degree of hardness. 

Copf^er pyrites often undergoes a superficial alte- 
QQ/tiqn of colour^ ia consequenee of exposure to air \ 
passing through numerous iri^scent' shades, prin- 
cipally of purple, blue, and red : these afterwards tar- 
nish and Ji)econ2e fainter ; and at last are blended toge* 
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ther int<^ a uniform dull brown or greenish brown (Af 
lour. It had alreadybeeu niontioned thatthe calcareous 
spar of the Ecton copper mine frequeiiily contains 
very beautifully iridescent crystals of copper pyrites : 
the foi;m ofthese crystals is for the most part tetrahe- 
dral ; they are often grouped together with great re- 
gularity, so as to form larger tetrahedrons, and pyra- 
mids *. 

Copper pyrites sometimes occurs in a mamillated 
form : the surface of the tubercles is either very ob- 
scurely iridescent, or of a light greenish bronze colour ; 
and here and there incrusted ^v^th small irregular 
crystals of the same nature, but of a bluish black co- 
lour, disposed in the manner of filigree work. The 
dark colour both of the mamillated masses and of the 
crystals is only superficial: the interior substance is of 
a uniform yellow. 

Copper pyrites is the ore from which a great pro- 
portion of the copper of commerce is obtained. The 
- first part of the process consists in the separation of 
the sulphur by means of fire, and is technically called 
roasting the ore. 

This is conducted either in the open air, or in 
large chambers : combustible materials are mixed 
with the ore that has been broken down into frag- 
ments of a convenient size ; and the whole is then piled 
in heaps, and set on fire. 

» Vid. TOl, i. p. 53. . 
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In all instances it is necessary that this process 
should be repeated three or four times, in consequence 
of the strong degree of attraction that exists between 
the sulphur and the metal : in some, ten or twelve 
times ; or even more. The roasted ore is afterwards 
melted in a furnace ; from which it passes into basons 
placed beneath : in this state it is of a blackish brown 
colour, and very brittle ; containing a less proportion of 
sulphurthan the native ore, but in other respects equally 
unfit for economical purposes. It is therefore broken 
up, and again and again fused ; the process being (re* 
quently repeated as many as six, or eight, or even 
ten times« When by these repeated fusions the sul- 
phur has been nearly separated, the copper shews it* 
self in distinct patches diffused through the sub« 
stance of the imperfectly reduced mass; sometimes 
accumulated in very delicate capillary filaments^ 

But, after all the sulphur has been separated, th» 
capper generally contains some portion of iron, ot 
zinc, or other metals ; anc} these are sepai^ted by a 
process sopne what analogous to the cu ppeliation of gold ; 
for the copper is exposed while in fusion to a constant 
current of air, which oxydates the other metals. The^ 
metallic particles thus oxydated are collected upon the 
surface of the melted copper, in the form of dross ; 
which is removed from time to time, in order to ex- 
pose a fresh surface of the liquid metal to the action 
of the current of air. 

By the foregoing account it appears that the com- 

VOL. II. (^ 
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plete reduction of the copper is altogether a very tO' 
dious proce&.i ; and, from the obstinacy with which 
the sulphur adheres to the metal, it te often a very 
difficult process also : and this will account for t)ie 
difference obserrable in the copper of commerce; 
which in some insitances possesses the metallic charac- 
ter in a much higlier degree than in oEhera, Thus it it 
found that the copper employed in sheathing ships 
sometimes lasts a mucli longer time than it does at 
Others. The defect may often be owing to want of 
attention during the reduction: in some cases it may 
depend upon the nature of tile om. 

Copper pyrites is very abundantly met with in dif» 
ferent parts of this kingdom : particularly in Anglesea 
and Cornwall. 

When this ore contains a very small proportion of 
metal, it is often employed for extracting the sul- 
phur principally ; which is done by roasting it in 
diambers communicating with flues, in which the 
ftulphur separated by the heat is collected. The 
roasted ore is afterwards washed (or the purpose of 
extracting thesulphate of copper that has been formed 
during the process ; the water holding this salt 
in solution is collected ; pieces of iron are thrown in- 
to it, on which the copper is precipitated in a metallic 
form ; which being collected is called cement cop^ 
per, or copper of cementation. This procesp h«« 



COPPER. 



i] 



been already explained under the bead of native cqj 



per 



Mine de cuivrt dntimoniale ; of de Born. 

Mine de cuivre gi'ise, tenant argent; of de Lislp. 

Cuivre gris ; of Haiiy. 

Fahlertz ; signifying grey ore, according to Wa 

lerius. 
It b very brittle* 
It is of a grey iron colour^ and very obnsiderab] 

lustre. 
Reducible by the blowpipe* 
Specific gravity 4,86. 
Primitive form, the regular tetrahedron. Its second 

ary forms are in general slight modifications c 

the , primitive* 

Grey Copper Ore of St, Andreasbfsrg* 



Lead 
Copper 
Antinipnj 
Iron • 
Silvjer • 
Sulphur 



34 

16 
13 

10 



91>25 Klapr^ 



This ore is often accompanied with copper pyrites 
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witb a thin incrostation of which its CTTStaU are some- 
times entirely enveloped. 

The tetrahedral form of die crystals of grey coppe)r 
is almost alone sufficient to distinguish it from those 
minerals, for u hicb it is liable to be mistaken. 

Under tiie head of grey copper M. Hniiy gives the 
analysis of two other metallic ores, called grey and 
rphite silver, with which it has occasionally been con- 
founded. 
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Greii Silver of Kremnilz, 


Grey $Uver o/Loaato, 


in Bungary. 


in Piedmont. 


Antimony . 34,09 


Antimony . 36^ 


Copper . . 31,36 


Copper . 29,3 


Silver . . 14,97 


Iron . . 12,1 


Iron ... 3,30 


Silver . . 0,7 


Sulphur. . 11,50 


Sulphur . 12,7 


95,82 Klapr. 


91,7 Napione. 


While Silver of Freiberg, in Saxony. 


Lead . . . 48 


Lead . . . 4t 


Silver . . 20,40 


Antimony . 21,50 


Antimoay . 7,88 


Silver . . 9,25 


Iron . . . 8,25 


Iron ... 1,75 


Sulphur . . 12,25 


Sulphur . , 22 


Alumiue . 7 


Alumine . . 1 


97,78 Klapr. 


96,S0 Klapr. 



With respect to the foregoing analyses it may be 
•bserv4id, that in that which is called ^y copper, 
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both copper and lead are present : in the grey fiilvefj 
copper is present ; but lead is not : in the white sit 
ver, lead is present; but copper is not* * 

It appears from the history of the mineral which 
was the subject of the fii'st of tlie preceding analyses, 
that its primitive form is the regular tetrahedron : the 
primitive form of copper pyrites is also the regular 
tetrahedron : and it is remarked, that these are the 
only species of minerals in which ths^t primitive form 
is^ found ; and that these two species very frequently 
accompany each other. Hence M. Haiiy is induced 
to conjecture that they are more nei^rly . allied than 
by their chemical analysis they appear to be. 



Carbonate of Coppeb.. 



Blue Carbonate of Copper/ 

Kvayog ocvTo(pvfig ; of Theophrastus. 

Cceruleum Montanum; of Wallerius: this and the 
translated term '* Mountain Blue " are applicable 
to the ^ar thy form of blue carbonate of copper. 

Azur de cuivre, ou Jleurs de cuivre bleues ; of 
de Li^la: these terms are applicable to the 
crystallized varieties, the colour of which is ge- 
nerally \ti^^ beautiful than that of the earthj. 
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Easily scratched by the knife. 
Soluble, with efienresceoce, in nitric acid. 
Reducible by the blowpipe. 
Specific ji^vity 3,60. 

Primitive form, an octohedron ; the surfaces of which 
are scalene triangles* 

Oxyd of Copper ... 77 
Carbonic Acid ... .20 
Water 2 

09 Pelletier. 

The crystallized varieties of this substance arc of A 
uniform deep blue <rolour: the earthy varieties are 
generally pale, in consequence of being mixed with 
other substances ; and in this state blue carbonate of 
copper is commonly called ^^ mountain bluc/^ 

The substance called Armenian stone by the an* 
cients is either quartz or a caTcareous carbonate, co* 
loured by earthy blue carbonate ofxopper. 

A very beautiful form of blue carbonate of copper 
consists of an aggregation of delicate fibres, radiating 
iii every direction from a common centre. 
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Malachiie: diis term is applicable to the fibrous ai 
mamillated varieties, Baccius derives the wo 
matacbite from 'fMc\dxyiy " thalva,*' the " mars 
^' mallow ;** the colour of which green carbona 
. of copper resembles. The G reek word is som- 
times corruptly written fioXo%7i : whence Plir 
has derived the term molochites. ^^ Non tram 
*' lucet molochites, spissius rirens et crassiv 
** quam smaragdns, a colore makce nomine ac 
"cepto*." 

JErugo nat'voa ; of Wallerius. 

Mountain Green : this and the preceding name an 
applicable to the earthy varieties. 

K^vcroKoKKa ; of Theophrastus f : this answers to thi 

ft 



 Nat. Hist, rib, xxxtII. 

f There were two substances to which the ancients gare the 
name of chrysocolia ; one, an artificial preparation made use of 
in soldering other metals to gold ; another, the natural form of 
copper now under co'isideration. As applied to the first of 
these, the term has an actire signification ; and expresses the 
power the substance possessed of uniting metals to^«/ii, in the same 
manner as glue unites other substances: as applied to the last, it hat 
» passive signification ; and implies that the substance so called wai 
^^ glned in jold,'* or, as it would be expressed in modern lan^ 
guage, ^^ set in gold." 

lu the first of these significations the term has been transferred 
tp the salt chilled borax * ; and, as far as its use is considered^ no| 

• Vid. p, XU 
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malachite of the modems ; and somecioles to dM 

earthy variety called luouQtaiQ green. 

inproperl)': but the mbttance emplojad bj (be aacifnii in 
•oldcring gold, thougb onsltgons in ita propcrtiet, wu daffereBt 
ia ils composition from borai. 

The other signification of the term docs not seem to haje been 
always duly considered; Tor thoagh applied to green carbonate 
of ca)>per, ai it was alio applied by the early natural hintorians, 
ita application has been. «oinelime« explained by adding, that it 
was the substance cmplftycd ,by the ancients in loldering gold ; 
a property which it ncTcr could possess. 

Tbe difficulty in understanding the right acceptation of the 
term ceases, upon considering the substance in qurstion as a gem; 
which, bung biglily Tallied, was much worn, and consequently 
often set in gold. It would be endless, were it of suGBdent im- 
portance, to produce quotations in proof of the peculiar estima- 
tion in which gems of a green colour were held by tbe ancients : 
but there is a passage in Thcoiihrastus which so directly illus- 
trates tbe passive signification of the word xv^'^^'^^'^ tbal it will 
be worth while to consider it. 

Id speaking of the Sitiifxyio^ and 'lim,-, which arc both of 
them of a green colour, he says, oT; ii tU ■•<• ^iSomx^* xt*^" ''*' 
^1x^1 *. It will hardly be supposed that the word Xi^itaWct im- 
plies that these enteralds and jaspers were used for cementing 
stones together; and the only signification that remains, at the 
■ame time the most appropriate, is, that they were used for or- 
namental jewellery ; being set or cemented, as precious ttonet 
inly are, in some other substance. So, in the conclnnon 
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Ea&ily scratched by the knife. 

Soluble, with eflfervesccncc, in nitric acid ; but ijat 

readily as the blue carbonate of copper. 
It i$ not so easily reduced by the blowpipe as tl 

blue carbonate of copper. 
Specific gravity varies from 3,57 to 3,64. 
It never occurs in a distinctly crystallized form, 

Ojtyd of Coj^er . .58 

Oxygen 18 

Carbonic Acid • . • 12,5 
Water 11,5 



100,0 Klapr. 

1 

The difference between blue and green carbonat 
of copper has not been accurately ascertained ; bu 
there is reason to suppose that, in the green carbo 
nate, the copper is combined with a greater propor 
tion of oxygen than in the b}ue. 

It occurs in three different forms ; which it will bi 
convenient to speak of separately. 

Loosejibrous green Carbonate of Coppen 

Mine de cuivre verte tof/eusc and Mtinie; of dt 

Lisle, 
Cuivre carbonate vert soyeux ; of Haiiy. 

Nothing can be more expressive of the delicate 
appearance of this variety of copper than the epi- 
thets made use of by De Lisle and Haiiy : the lustre 

VOL. ,xi. R 
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of ihc fibres corresponding very closely wiih that of 
>ilk or satin. AVhen the fibres are too delicate to be 
sepaiately visible, they have the appearance of very 
fine velvet. Their colour is usually a dark green, 
and always very uniform. They are generally dis- 
posed in radiating fasciculi ; and are accompanied 
with otlier ores of copper, and with compact brown 
iron stone. 

Li proportion as the fibres become more closely 
aggregated this variety approaches to the state of the 
following. 

Compact fibrous green Carbonate of Copper. 
Cojupact malachite. 

This variety usually occurs in aiasses having a ma- 
millated surface, like a stalagmite ; and commonly 
made up of distinct concretions irregularly, united. 
These concretions are composed of layers or strata, 
which are neither uniform with respect to their thick- 
ness, or their relative position : upon the whole how- 
ever they are concentric with one another, although 
their direction is often wavy. The substance of them 
is transversely striated ; and the colour of some of the 
stmta is much more intense than that of others. 
From this variety of character in a great measure 
arises the beauty of poUshed specimens of malachite ; 
and that beauty is greatly heighthened by the delicate 
polish of which the substance is susceptible, and by 
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the silky lustre which is apparent in even its m 
compact forms. 
[ The external surface of compact malachite is ofl 

dull ; as if it were covered by a thin pulverulent si 
stance, analagous in its appearance to what is coi 
monly called the bloom oif some kinds of fruit. 

This variety of malachite is found in similar situ 
tions with the preceding : by far the most beautii 
forms of it come from Siberia. 

Mr. Jameson says, that M. Patrin saw at Peter 
burg a plate of malachite, about thirty-two inches loi 
and seventeen broad, which was valued at twem 
thousand livres. 

It is used in the arts for ornamental jewellery; an 
sometimes, when pulverized, as a pigment. 

In a vein of malachite, in the most eastern part c 
Siberia, a mineral is met with that has sometime 
been mistaken for the emerald ; and sometimes, for i 
crystallized variety of the green carbonate of copper. 

M. Haiiy, who has given the name of dloptase t( 
this mineral in consequence of a peculiar reflexion o 
light in its interior, describes it under the following 

characters. . 

» ' . ' 'I 

It scratches glass with difficulty. . , ....•! 

It conducts the electric fluid under comqnon circunTd 
stances: if insulated, it acquires the resinous q| 
negative electricity. .. i 
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Reducible by the blowpipe, with the addition of 
borax, to a metallic state : without the addition 
of borax its colour is merely changed to a 
brown. 

Specific gravity 3,3. 

Primitive ibnn, an obtuse rhomboid; the plane angles 
of which are 111* and 69*. 

Oxyd of Copper . . 28,57 
Silex ..... 28,57 
Carbonate of Ume . 42,85 

99,99 Vauq. 

It may be distinguished from the emerald by its in- 
ferior degree of hardness andspecific gravity ; and by 
its property of conducting the electric fluid. 

Earthy green Carbonate of Copper. 
Mountain green. 
Cuivre carbcuiate vert pulverulent ; of Haiiy. 

This variety bears nearly the same relation to ma- 
lachite, that the earthy blue Carbonate of coppei- or 
mountain blue bears to the crystallized forms of the 
same substance. It is met with in similar -situations 
with malachite. Mountain blue and moutitain green are 
often found in the same Specimen ; and Theophrasius 
seems to allude to a natural mixture of this kind in 
the following words : Kvavof avro^ijf "%i.iv h Uutm 
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It appears from a passage in Suetonius^ that this 
pulverulent form of green carbonate of copper waSj 
together with cinnabar, employed by Caltgiiia (xi s 
particular occasion, in ornamenting the af eaa of thi 
circus. ** Edidit Circenses ludos^ — quosdara^ aluten: 
'^ pnecipuos, mmio et dxrxfsocaltd coostrato circo'*/* 

General distinctive Marks of the Three preceding 

Varieties. 

Green carbonate of copper i& distinguiabed Srom 
green oxyd of Uramum by its fibrous form ; and 
by its ef&rvescence during solution in nitric acid : 
from phosphate of lead, by its silky lustre ; and 
by the deep green colour of its powder; the 
powder of phosphate of lead being yellowist 
green : from muriate of copper, by its efferves- 
cence during solution in nitric acid: from ar- 
seniate of copper, by the same circumstance ; 
besides which, the arseniate of copper emits a 
strong smell of garlick under the action of the 
blow*pipe, which the carbonate does not 

•:5uet. in Vit. Calig. cap. 18. 
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MuEiATE OF Copper. 

This variety of copper has only yet been met with in 
America ; near the confines of Peru and Chili. 
It occurred first in the form of sand : it has since 
been met with of a compact texture. 

It is of an emerald green colour. 

When thrown into the Hame of a candle it communi- 
cates to it a colour partly green and partly blue. 

Soluble, without efiervescence, in nitric acid. 

If thrown into a colourless solution of ammonia or 
hartshorn, it immediately produces a blue colour 
in tliat liquid. 

Specific gravity varies from 3,75 to 4,43. 

Compact Muriate Puirerulenl Muriate 

oj Copper. of Copper. 

Oxjd of Copper . 73 . . . . 70,48 

Muriatic Acid . . 10,1 . . . 11,44 

Waler .... 16,9 . . . IB,07 

100,0 KUipT. 99,99 Promt. 

The pulverulent form of muriate of copper, called 
" green sand of Peru," is found in a small river, which 
losesitselfinadesertlhatseparates Chili from Peru. It 
was brought into Europe mixed with sand and other 
earthy particles. The green and blue colours, 
which it gives to the flame of a candle, sufficiently 
distinguish it from pulverulent green carbonate of 
copper : it emits no smell of arsenic upon the appli- 
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cation of the blowpipe ; and may thus be distinguished 
from arseniate of copper. 

Phosphate of Copper. 

The natural compound of copper and phosphoric 
acid has not long been known. 

The mineral, of which the analysis is subjoined, is 
met with near Rheinbreid bach, upon the Rhine ; much 
intermixed with quartz, the matrix in which it is 
found. From its green colour and striated texture 
it has been mistaken for a variety of malachite. 

« 

Oxyd of Copper . . • . 68,13 
Phosphoric Acid • . • ,30,95 

99,08 X/flfpr. 

Arseniate op Copper. 

Olive copper ore ; of Kirwan. 

It is very easily reduced to powder. 

Its most common colour is an olive green; fron 

which it passes through numerous shades till i' 

becomes completely white. 
Emits a strong smell of arsenic under the action o 

the blowpipe. 
Specific gravity 4,28. 
It sometimes occurs distinctly crystallized. The com 

mon forms of arseniate of copper often resembl 

those of malachite ; or hematitic iron ore ; oi 

when very compact, wood- tin. 
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Ox^d of Copper .... K>,6e 

Arsenic Acid 45 

Water ....... 3^ 

99,12 Klapr. 

Arseniate of copper has hitherto been found only 
in Cornwall. Its varieties are very numerous, and 
the gradations from one to another are very delicately 
marked : but, from its rare occurrence, its history as 
an ore of copper is not of much importance. 

The strong smell of garlick, and the white arsenical 
fumes' emitted from this substance during the appli- 
cation of the blowpipe, -readily distinguish it from 
green carbonate and green muriate of copper ; and 
from green oxyd of uranium. It is not likely to be 
confounded with other minerals. 
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Native Lead. 

The existence of native lead has not yet been sat 
factorily ascertained ; and its ores are so easily i 
ducedy and have been so commonly worked in i 
ageS| that great caution would be requisite in ex 
mining local circumstances, in order tu determij 
whether a specimen, supposed to be native, we 
really so ; or only a portion of an orf . that had be< 
smelted at some former period. 

Particles of metallic lead have been found in 
porous kiva of the island of Madeira ; but the pec 
liarity of their situation may serve to Explain the 
presence. 

4 J 

A. 

I « 

Native Ox yd of Lead, 

This is not a common ore of lead, and differs vei 
little in its external characters from earthy carbonic 
i^f lead ; w that it does not admit of an accurate ^ 
scription. M. Haiiy doubts its existence altogethc 
and says that the substances which have been denoa 

vol. II. s 
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In colour and lustre it exactly resembles metallic lead 

before it has been tarnished by exposure to air. 
Specific gravity 7,58. 
Primitive form, the cube. Its common crystallizec 

forms are modifications of the cube and octo 

hedron* 
Its constituent parts vary according to the following 

proportions in a hundred : 



T^ad 


. 60 


to 


85" 


Sulphur 


• 15 


to 


25 


Silver . 


. 0,16 


to 


7,50 



Sulphuret of lead is met with in very great ^bun- 
dance in all parts of Europe; and in no place per- 
haps more abundantly than in England, notwith- 
standing the great length of time during which the 
mines have been worked : and they appear to have 
been worked antecedently to the arrival of the Ro- 
mans. Pliny, in speaking of the ores of lead, says, 
^^ nigrum plumbum in Hispania totasque per Gallias 
" laboriose eruitur: sed in Britannise summo terrae 
** corio adeo large, ut lex ultro dicatur, ne plus, certo 
" modo fiat *." The epithet nigrum is used in order 
to distinguish the metal in question firom tin, which, at 
that time was very commonly called plumbum album* 

A great proportion of the lead of commerce is ob- 
tained from this ore ; which is first roasted, in order 
to dissipate the sulphur, and then mixed with the ne^ 

 Nat. Hist. lib. xxxir. c. 17. 
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cessary quantity of coke or charcoal, and reduced ki a 
commoD furnace. The lead, which remains after the 
operation of roasting, is in an oxydated state : the 
coke or charcoal, with which it is mixed in the fur- 
nace, decomposes the meullic oxyd ; and, combining 
with its oxygen, flies off in the form of carbonic acid 
gas, white the lead is reduced to a metallic state, and 
sinks to the bottom of the funuce. The melted lead, 
after it has been withdrawn from the fiirnace and re- 
ceived into the bason placed beneath, presents a singu- 
lar appearance in consequence of exposure to the air : 
for its surface is instantly covered with a thin iridescent 
pellicle, owing no doubt to the incipient state of oxy- 
dation produced by the union of the oxygen of the 
atmosphere with the metal. The appearance is not 
unlike that superficial iridescence which is often ob- 
ififvable on natural specimens of sulphuret of lead ; 
and which, perhaps, depends on a similar cause ; the 
Bulphur having been previously dissipated at the sur- 
fcce of the ore. 

Crystals of sulphuret of lead are generally very dis- 
tinct : and are often found completely insulated. 
M. Hftiiy says, that this is particularly the case with 
those crystals which have the mixed form of the cube 
and octoliedron ; and he adds, that in some countries 
crystals of this kind, previously rounded by attrition, 
flre used as bullets. 

The accidental fracture of most varieties of sulphu- 
ret of lead shews very distinctly a crystalline cubic 
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™u which M-p""" ■«"»"-''»• j^;^ 

ZLe, which i, awing to 0.. P^« » "t 

',  .„. Other ™ri«ties we of « completelj 
•"""wCr«- °*hrX. epithet -(«^«™Wi 
fr,S:"ru" often ,e^d,<Eeui.u>aisU.p.i^ 

them bv the eye from granular grey iron ore. 
^^evl variety of sulphuret of lead couUio 
Almost every v«m j 

» g^ o, ie» p~p»'T:',:^i'.hTLt Tb 

...«.her of iiisl»nce« "" prop?™"" " 

r , ,» Teoav the trouble and expense of e 
,„fficient to -repay ™ commerce .Unc 

„^„gi,: -d >«°« '^,.rTf°ii,er 
.iwaje con^uns son.e P«™- 'f/J. ,5^;., ,„, , 
A piece of co««»n .h«. lead, o ^ 

Cr ;«- of" -ppeuttlon a g.ohn,e of ..- 
ba„„ .Uible to the naked eje ^^ ^^ ^ 

Where the P'J'-^ ^^^^^^^^^ of cuppelia, 
„« „pe.>» of 2^ ^°;' Jted le«i doe, no. > : 

t:rC"«^ted^— ' 

• •» -fi-ri mass called litharge. 
seroi-vitnfied mass cai. , * oanv sulphure 

The Oiinerals that usually accompany F 
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lead are sulphate of baryt, carbonate and flaate of 
lime, and quartz, among earthy substances ; copper 
pyrites, sparry iron ore, and sulphuret of zinc, among 
metallic substances: the last mentioned substance 
scarcely ever falls to accompany it. 

This ore usually occurs in veins, and detached 
masses, imbedded in solid strata ; sometimes, though 
rarely, in rounded nodules imbedded in marl or clay. 
Brogniart mentions an instance of this kind in Silesia : 
and a similar instance occurs in that mine, near Cas- 
tleton, where the blue fluor spar of Derbyshire is 
quarried. 

 It is mentioned In the preceding volume * that the 
blue fluor is met with in masses of a brown clay, 
which partially occupy tlie natural cavities of the 
mine above mentioned. In the same clay I met with 
several irregularly rounded nodules of sulphuret of lead, 
of about the size of a walnut, covered with an earthy 
incrustation of a white colour: there was nothing re- 
markable in their external appearance; but firom their 
u'eight I was induced to break them, and found them 
to be sulphuret of lead. The circumstance is men- 
tioned on account of the singularity of the situation in 
which the lead was found. 
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to have been deposited on the opposite surfaces of na- 
tural crevices ; thus forming a narrow vein. The 
sides of these crevices are barely removed from eaci 
other, yet are not actually in contact 

In some instances this vein penetrates to a consi 
derable. extent: and its presence is made known t( 
the DBoer by a crackling noise, which is produced b; 
tbe blow of a hammer, or sometimes even the flight 
est scratch of a pick-axe, against the rock in whicl i 
he is working : and the noise is usually followed b; ' 
an explosion of the rock, in the direction and neigh 
bourhood of the vein* The cause of this singular ei 
feet is not at all understood. 

Sulphuret of lead very closely resembles some va 
rieties of sulphuret of zinc ; but the metallic lustre c I 
the latter is destroyed by scratching the surface o I 
the ore with a knife, which is not the case with th< 
snlpburet of lead : if both are breathed upon, the or 
of lead recovers its brilliancy in' a moment; the or 
of zinc, very gradually. Sulphuret of lead is dis 
tinguished from plumbago by its greater specific gra 
vity ; and by the comparatively faint trace which i 
leaves on paper : the same marks will serve to dis 
tinguish it from molybdena ; which is, besides, of 
soil foliated texture like talc, and has a considerabl 
degree of flexibility. 
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Cabjbonate of Lead. 



Crystallized Carbonate of Lead. 

Minera plumbi alba^ epaikofa; of Wallerius. 
^athosc or sparry lead ore : applied to tisose i«« 

riedes which have a compact crystaUine stroc*- 

ture, but do not occur m distin^ crystab. 
White lead ore; of Kirwan, 
Glassy lead ore : applied to those tBtiettes which are 

colourless and transpi^tent^ 
It is very brittle. 

Soluble^ with '^^^^rvesctoce^ in nitric actd. 
Has the double refracting power to a hi^ decree. 
EasiLy reduced by the blowpipe* 
Specific gravity varies filoifi 6,07 to 6,54. 
Primitive fot^^ n rectai^lar octobedron. Its most 

common [form is prismatic. 



1, .. ' 



Oxjd of Lead 


. ^Xfi. 


Carbonic Acid 


.. 16 


Little ' 1' • • 


. o,« 


Oxjrd (A Iron 


• 0,5 




98,4 fVestrumk. 
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Carbonate of Lead 
from Siberia, 
Oxyd of Lead 67 
Oxygen • . 6 
Carbonic Acid £4 
Water ... 13 



Carbonate of Lea^ 
from Leadhills, 
Oxyd of Lead 77 
* Oxygcu ... 5 
Carbonic Acid 16 
Water? . . 2 



lOOMacqtuirt. 



100 Klapr, 



Crystallized carbonate of lead very much resem- 
bles crystallized sulphate of baryt : but the former is 
soon blackened ivhen thrown into a solution of an al- 
jkaline sulphuret; while no change of colour takes 
place in the latler^ when thrown into the same solu- 
tion. Carbonate of lead is, besides, reduced to a me«- 
tallic state by the action of the blowpipe ; which sul- 
phate of baryt is not. 

The change of colour that takes place in car*- 
:boiiate of lead, by exposure to the action of an al- 
kaline sulphuret, depends on its more or less com- 
plete reduction to a metallic state. If left in contact 
with the alkaline sulphuret for a few hours, the sur- 
face of the ore acquires not only the colour but even 
the metallic splendour of lead ; and carbonate of lead 
may be distinguished by this change of colour not 
only from sulphate of baryt, but from almost every 
mineral witli which it is likely to be confounded. 

Many natural crystals of this substance are of a black 
colour, owing perhaps to a change similar to that 
which takes place in consequence of the action of alka- 

VOL. II, T 
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line sulpburets : the colour in these iustances is only su- 
perficial. 

The double image of an object viewed through 
transparent carbonate of lead is accompanied with an 
Iridescent appearance, owing to the dispersion of tlie 
rays of light  This effect is often observable in the 
refraction of light by flint glass ; and M. Haiiy thinks 
that flint glass derives the property of thus dispersing 
the rays of light from the oxyd of lead, which is one of 
-its constituent parts. 

The colour of crystallized carbonate of lead is 
usually white or yellowish white : sometimes it has a 
tinge of green or blue, which is said to be derived 
from the presence of copper. Occasionally it is co- 
lourless and transparent. 

In some instances it is superficially tarnished with 
ochre yellow spots. 

This form of lead occurs more commonly than any 
other, except the sulphuret ; but rarely in sufficient 
quantity to be worked on a large scale. It generally 
accompanies galena or sulphuret of lead, and ores of 
zinc. 

Kartht Carbonate of Lead. 
Lead ochre ; of some mineralogists. 

There is nothing remarkable in the external cba- 
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when of ttie last colour it sometimes incrusts the whit 
sparry carbonate. Its great specific gravity natural! 
leads to a suspicion of its real nature ; and this ms 
easily be ascertained by the application of the blov 
pipe. 

It occurs commonly in the same situation with th 
crystallized carbonate of lead ; of which the black c( 
loured eaithy carbonate appears to be a partially d( 
composed form. 



MOLTBDATE OF L£AD. 

Yellow lead ore. 

It is brittle. 

Specific gravity 5,48. 

Primitive form, a rectangular octohedron. • 

OxydofLead .... 64,42 
Oxyd or Acid of Mol)bdena SAfib 

98,67 Klapr. 

This form of lead is met with at Bleyberg, in Ca 
rinthia, in a compact limestone of a yellowish whit 
colour. It usually occurs in small and rarely tran^ 
parent tabular crystals ; which are obliquely set oi 
their edges, and meet each other in such a manner a 
to produce a honey-combed appearance. Their eg 
lour is a peculiar shade of yellow ; not easily de 
scribed, but very characteristic of the mineral ; an 
by which it is easily recognized. It perhaps resen 
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bles the colour of pale bees wax more neariy thm 

any thing else. 



Sulphate of Lead. 

Native vitriol of lead, of Kirwan ; from the ritriolic, 

DOW called sulphuric acid, contaioed in iL 
It is very brittle. 
Easily reducible by the blowpipe. 
Specific gravity ff,3. 
Primitive form, a rectangular octohediron *. 



Sulphate of Lead 
from JngUsea. 
Oxyd of Lead 7 1 
Sulphuric Acid 24,80 
Water ... a 
Oxyd of Iron 1 

98,80 Klapr. 



Sulphtie of lead was first discovered ia Anglesea, 
disseminated in small single crystals on the sur&ce of 
a spongy indurated broWn ocbre. Some of these 
crystals are transparent and colourless; but many of 



Sulphate of Lead from 

fVanlock-head. 

Oxyd of Lead 70,50 

Sulphuric Acid ^5,75 

Water . . . 2,Sd 

98^0 Klapr. 
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an oblique four-sided pyramid: the lostre of the in< 
terior is like that of tlie diamond* 

The variety from Wanlock-bead is crj^stallizcd ic 
tabular plates, and possesses the diamond-like lustre 
in a much more remarkable degree than the preced- 
ing variety. 

Sulphate of lead is distinguished from carbonate ol 
lead by its insolubility in nitric acid : from molybdatc 
of lead in being more easily reduced by the blow- 
pipe. 

• > 

Phosphate of Lead. 

Green lead ore. 

Its colour is usually a green, inclining more or less to 

yellow. 
In hardness superior to carbonate of lead. 
It is not reducible by the blowpipe to a metallic 

state ; but fuses into a globule which in cooling 

assumes a polygonal form, somewhat like that of 

the garnet. 
Specific gravity 6.9^. 
Primitive form, a dodecahedron; the surfaces of which 

are triangular. 
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Gru* Photpkate of Lead 

from Freyberg. 

Oxyd of Lead . . 77,10 

PhoHplioric Acid . . 19 

Muriatic Acid . .  i,54 

97,64 Kl^r. 



Bna. Pic-philc cf Lad 


from Briton^, 




CydofLold . . . 


78,48 


Phosphoric Acid •  


19,73 


Mimatic AcM . . . 


1,65 




99,96 Klofi. 



^ 



Vettoa Photpkate of Lead 

from Wanlock-head. 
Oxyd of Lead . . 80 
Pbosphoric Acid . 18 
Muriatic Acid . . l,Ci« 

99,62 Klupr. 

It appc^ars from the preceding analyses that the 
relative proportions of the constituent parts of pbos- 
phate of lead are very uniform in the different va- 
rieties ; especially of the muriatic acid, the presence 
of which might have been esteemed accidental but for 
its constant occuri^nce. 



coppEa ] 

Phosphate of lead sometimes crystallizes in hex 
dral prisms, resembling some of the crystallized for 
of apatite or phosphate of lime; from which the g 
bule to which it is reduced by the action of the bk 
pipe will serve to distinguish it It may be dist 
guished from carbonate of lead by not effervesci 
with nitric acid. 



Chromate of Leap. 

Red lead ore, of Siberia. 
Easily scratched by the knife. 
It is a conductor of the electric fluid 
Reducible by the blowpipe. 
Specific gravity 6,02. 

Primitive form, a prism at right angles with its basi 
which is a square. 

Oxyd of Lead .... 63,96 
Acid of Chrome • . . 36,40 



100,36 Fauq. 

This is tlie substance in which the metal calle 
chrome was first discovered. 

Chromate of lead was originally met with in ; 
mine situated on the eastern ridge of the Oural moun 
tains, in about the fifty-third degree of north latitude 
It occurred, in distinct crystals, in a vein running ii 
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giieJsa ur micaceouB Bchistus : (be pHncipal vein of 
tLe mioe was worked for the sake of the gold it *£- 
£xded, which U contained in a liver-ooloured iroD 
ore of a cubic fwoi. 

Since that time it has been dtflcovered in the same 
neighbourhood, ia the fonn of athia irregular. incrua- 
tation, on a kind of ochry micaceous schistus ; and 
also, in a cr^-stoUine form, in the interstices of a stra- 
tified sand-stone. 

Ttie colour of this miners is, in the mass, of & very 
deep orange red: when powdered it is much paler, 
with a strong shade of yellow. In Russia it is much 
used in oil painting, and is very highly valued on ac- 
count of its durability, 

Chromate of lead is distinguished from realgar, 
which often closely resembles it in colour, by not 
emitting a smell of garlick upon the application of the 
blowpipe : from red silver, by the yellow tinge of its 
powder : from cinnabar, or sulphuret of quicksilver, 
by the same mark ; besides which, cinnabar is en- 
tirely volatilized by the action of the blowpipe, 
whereas chromate of lead is reduced to a metallic 
Wate. 

Chromate of lead is sometimes superficiaHy covered 
with a pulverulent or minutely crystallized subetaoce, 
of a green colour. This is a combination of oxyd of 
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Copper : but, if thrown into nitric acid, it commun 
cates to the liquid an orange red colour; and mc 
thus«be distinguished from both those substances \ 



MURIATC OV L£AD. 

This is sometimes called a ctfri^oNO-muriate t 

lead. Its external characters correspond upon tli 

M^hole with^those of carbonate of lead: but its trans 

parent varieties we of « knton '0€ «toiw-;yeUollr to 

loun 

Some f)eculiarities m the ctjrstallization of thi 

form of lead iirst gave rise to a suspicion that it wai 

not a simple earbonate < and this was fully con&riaei 

by «uialyMS. , 

<>xyA xtf heiA , . • . . . *i,3» 

Ci^bdnie f/miii; «ni|^ ^bf^f}^ W«ler '6 



4to< 



Tte feftffifeial i^utkt^ •of iettd ^tsmsim fr^m thit- 
«ee^ t6 fe^t^n ^rtb in ^ imt^efd of WTir^ii* a<<ifd : 
<be ^k^)^^y in ih« Mit^tal ^ubstMiti^ Mky Ife b^^ 
counted for by tlie {Mnesence of the carbonic acid. 

* Vid. the article Chrome. 

/ 
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Native Tin. 

The existence of native tin is nearly as questionable 
as of native lead. A mineral substance was met with some 
years since, in Cornwall, having some of the external 
'characters of molybdena : it was, in the mass, very 
■brittle ; but particles were detached from it, which 
were malleable, had a metallic splendour, and in 
every respect resembled tin. Since that time a sub- 
stance has been met with in France, which at first was 
supposed to be native tin ; but, according to M. Haiiy, 
the situation in which it occurred being accurately 
examined, there appeared strong reasons for believing 
that it was an artificial product; though no probable 
conjecture could be formed as to the means by which 
it had been conveyed to the spot where it was found. 
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Native Oxyd of Tik. 

Common Tin stone ; of Kirwan. 
Reducible by the blowpipe ; but not easily. 
Sufficiently hard to strike fire with steel. 
It is a conductor of the electric fluid. 
Specific gravity varies fi^om 6,45 to 6^97 • 
Primitive form, the cube. 

In the present instance it will be convenient t^ 
postpone the general history of this ore of tip ; in or 
der. to ofifer a tew observations on those varietiei 
which are met with in Cornwall^ aud also on the jp€ 
thods employed in working the mines of that district 

The tin ore of. Cornwall is - obtained either b 
mining in the common manner; or by a process callec 
** strea^ming." 

In the first instance the metallic vein, which is then 
called a hde^ is traced by ait/iV^ or .levels f which an 
apertures driven horizontally into the rock cont^inin^ 
the lode ; or by shafts^ which are similar apertures 
vertically situated. 

In the second instance the ore is fo^in^ already se- 
parated from the native lode: and, judging from itn 
appearance and from local circumstances, has bee^ 
conveyed to its present situation by rivecs, pr tprrenti 
of water long ago dried up. , j 

- The stream works of. CQih[)waU nro generally &if 
tuated in the. low ground> that lie^ b^tM«f^, the c^c^ 
joining aicclivities of opposite hills ;*aild the Ipwest 
point of these works is the angle -mfide by tbg^me^ 
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ing of these adjoiniag and 0|fposite; accttvities : tinar 
surface is a plane, situated at different heigbts or disr 
tances from this angle, and bounded by the sides o£ 
the hilts between "which it is extended. The. measurt 
of this distance diffeirs according to tiie nature of the 
spot : in some instances it amounts to man; yvdi ; 
in some, only to a few feet. 

The tin ore is found always in the lowest part of 
ttfe works ; souKtioics in tke form of vad, whidl is 
asyatty of ai dairfc brwvw or bbsb ccdoor; aomtiimt* 
in (he form vt pebbUs^ ^Ak six «f wbidv graJtiaily 
hiCKflang Innct \im soMNest. parttdM^. it occBsionaUiii 
equa}- tb ft laitge orange. 

The spaee iemtt the lurlwie of die worls, to the 
^Rt ifhere the m «re begins to apftear,. is occufiicd 
by commOQ sand» and loose earth or clay ; deposited 
irit^Mat any Kegalarii^r mA cAen containiug moss, 
atti branebea of' trees, and banes of nea and othei 
m\ttuis>. 

TlW eoMtnon miner in reasoMag- from these afn 
pearances is forcibly led to the cODckuion, that ai 
f6bw (Atmet period a violent msb of water has 
(tetttt^dd tMme* of fin ore ^M the natirc lode; and 
Urtkrfiing theiH away, together wilhwhateTer opposed it» 
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ance of itv particksi amd the mtuation 'm trliich i 
occursiy tin ^t&ne* 

In a few situations a variety of tro ore is met wkl 
which from its peculiar appearance is ceMitAwood-tin 
it occurs in very small quantities in the stream work 
near St« Columb, and St. Denis ; in fragments whic 
are rarely equal in size to a kirge hazel nut. Th 
form of these is often wedge-shaped, or irregularl 
conical ; and they are indistinctly marked with stria 
radiatiag from the apex towards the base: th 
surface of Ibe base is fvequieDtly convex ; so that lb 
firagpQfnt appears to be, if the term is admissible^ tfa 
sector of a sphere. Ttie firagmeots are divided int 
numerous basKls of different diucnsions and sliadi 
of eokiur^ principally however of a light browi 
which cross these atrie at right angles* 

On the convex surfiice of some spedmens of woo 
tin small cavities are observahle; which appear \ 
have been formed by the impres^oo of pyramid 
crystals of quarts: in other inatanoes these caviti 
are of a sfdterical fot^m ; and their dimensions are ju 
sufficiatit to naake them capable of eontaining coi 
mon shot : hence specimens <tf this kind are calb 
'' sho4 tin/* 

Wood tin often resembles some of tlie varieties 
brown hematitic iron ore. 

Some mineralogists tiiink it probable that wood t 
has been formed by stalagmitic deposition. 
M. Rlaprotb carefiilly analysed a hundred grai 
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of stream tin, partly of a dark and partly of a light 
brown colour, ftom Alternon in Cornwall. The re- 
sults were as follow : 

Tin 77,50 

Oxygen . . . . 21,50 

Silex 0,75 

Oxyd of Iron . . 0,25 

100,00 K/apr. 

M. Klaproth considers the variety, of which the 
analysis has just been giren, as the purest form of tin- 
stone: for it exceeded all the other varieties, that he 
had an opportunity of examining, in specific gravity ; 
and afforded the greatest proportion of metallic tin. 

It should be observed, however, that in this instance 
the analysis was- condilcted in what is called the 
humid way ; in which the substance iind«r examina- 
tion is fii'st dissolved by appropriate menstrua, and 
then recovered by precipitation Jrom the liquid 
holding it in solution : the results are thus obtained 
with the greatest possible accuracy. A metallic ore 
analysed in the dry way is submitted to the pro- 
cess of reduction, by mixing it with charcoal or coke, 
and exposing it to the necessary degree of heat : and 
this is the common method oi assaying or ascertaining 
the value of an ore, with respect to its metallic con- 
tents. 
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method of analysis cannot be adopted in the lar 
way : and according to this criterion it will appc 
that the Alteraon tin ore does not yield the greaU 
proportion of metal. 

The following statement affords a comparative vi< 
of the proportion of metallic tin contained in six v 
rieties of native oxyd of tin ; which were assayed in 
charcoal crucible. 

Gri. Gi 

100 of stream tin^ from Alternon in Corawall, 

sp. gr. 6^97, gave of metallic tin , . . 76 

100 of brown crystallized tin stone from Schlack- 

enwalde in Bohemia, sp. gr. 6,76, gave . 72 

lOO of wood-tin from Cornwall, sp. gr. 6,45, 

gave ; . • « • 73 

100 of crystallized grey tin stone, having some white 
transparent spots, from St. Agnes in Corn- 
wall, sp. gr. 6,84, gave . . ... . 74 



I 



100 of black stream-tin from Ladock in Comwall, 

sp. gr. 6,56, gave 76 

m 

100 of light brown acicularly crystallized tin stone 
from Polgooth in Cornwall, sp. gr. G,75, 
gave 77 

From the foregoing statement it appears, that < 
the six varieties analysed by M. Klaproth, Ihe B 
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Iiemian ore oontauis (he smallest proportion o( tin. 
Of tiK remaining five, -all of which oame from Cotr- 
wall, the wood tin is the least prodtwtive of mett^ * 
the partly grey and partly transparent variety from 
St. Agnes is less productive tbui the remaitiing three ; 
find the variety from Polgooth is the aaost pr»- 
dttctive. 

The primitive form very rarely occuw ia die ct^7«tet> 
lizatioD of native oxyd of tin ; and many of the se- 
condary forms are liable to the singular modification 
called by Roni^ de Lisle a mack; in whidi the crys- 
tal appears to have been divided, and the two halves 
reunited in a reversed direction. To this apparently 
altered situation of the tno halves of the crystals M. 
Haiiy has applied the term " h^mitropie ;" and thd 
crystals which appear to have undergone this alteration 
becalls "cristauxh^mitropes." He derives .this term 
from the idea that the separated parts have been half 
turned round, which would bring them to the situation 
in which they are placed with respect to each other 
in the crystals in question. 

The colour of native oxyd of tin varies from a jet 
black to a very light brown or even white : some of 
the lighter coloured varieties have a semitransparency 
ftnd a peculiar lustre that lias given rise to the terra 
*' resin tin:" the lightest coloured are in some in- 
stances completely transparent 
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remarkable ; for it nearly equals that of the meb i 

self : • wiiereas the specific gravity of other native c i 

is in general greatly inferior to that of the metals 1 i 
whence they are derived. Thus 

The sp. gr. of Iron is 7,78 ; of the native Oxyd 

of Copper 8,66 ! 

of Zinc 7,19 i 

of Bismuth 9,02 ! 

of Tin 7,29 • • • very nearly 

* 

The situation in which stream tin is met witli, i 
it i3 always found to occupy the lowest part of : 
works, irevidently the elBFect of the great specific { i 
yity of the ore ; and all the operations of the, mi i 
connected with the separation of the ore from the i • 
trix, or from the substances accompanying it, hav 
reference to this character. With this view, when i 
oi^ is disseminated through granite or any ot ; 
rock, these substapces are broken into fragments c 
convenient si^e, and submitted to . the operation 
^tamping; a mechanical process which reduces t 
mass to a minute state of division : and. by means 
water, the course of which is directed over the pour 
cd ore, the earthy particles are easily separated frc 
the metallic oxyd ; the water washing away the forrn^ 
and conveying them to a distance, while the latter s<( 
sides almost immediately on the spot. 

Arsenical iron pyrites is often contained in the n 
trix of the tin ore of Cornwall, and it is custontf 
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in that case to submit the ore to the process of roasts 
ing previously to its reduction^ in order to expel the 
arsenic. It is afterwards reduced by means of coke 
or charcoal. 

Native oxyd of tin is met with more abundantly in 
Cornwall than any other part of the world. It occurs 
there in the form of stream tin ; in distinct crystals ; 
and in specks and grains disseminated through granite 
and other rocks : it is frequently accompanied with 
earthy chlorite and wolfram. It is not found in many 
other parts of the world : the principal foreign mines 
are in Bohemia and Saxony; in Gallicia; in the 
peninsula of Malacca, and some of the neighbouring 
islands. It only occurs in primitive rocks ; and as 
its veins are always divided by and never divide other 
teins, it is concluded that of all metallic substances its 
Ibrnlatioh is the most ancient. 

Prom this ore all the tin of commerce is obtained. 

Yellowish red oiyd of tin sometimes closely re- 
ilemhles blende or sulphuret of zinc ; but the latter 
When triturated emits a smell like that froixi Harro- 
gate water, which the former does not 

Sulphuret of Tin. 

!j[m pypites ; from its analogy in composition tq sul« 

phuret of iron or iron pyrites. 
It is brittle. 

fusible by the blowpipe into a black scoria. 
Specific gravity 4,35. 
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Tin . . , 


. . 34 


Sulphur 
Copper . . 
Iron • * • i 


, . 25 

. . 36 



97 Klapr. 

Tliis substance has only yet been found in 
neighbourhood of St. Agnes in Cornwall. 



<(-^ 



Native Iron. 

The existence of native iron is not neai-ly so ques- 
tionable as of lead and tin; though there is still a 
considerable difference of opinion on the subject. It 
is said to have occurred in the form of a vein, 
mixed with iron ore, at Eibenstock in Saxony; 
and also in the vicinity of Grenoble: but, in the 
greater number of instances, those specimens, which 
are preserved in cabinets under the name of native 
iron, have been detached from insulated masses met 
with on the surface of the earth. These masses arie 
totally unconnected not only with the neighbouring 
substances, but with every mineral hitherto disco- 
vered ; with the exception at least of certain earthy 
bodies, found under similar circumstances, which will 
be spoken of at the close of the present subject. 

The following account is principally collected from 
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gal ; the third, in Soutbi America : the last nientioued 
weighs fifteen tons. ' • 

A mass of native iron has also been met with in 
Croatia. 

The Siberian native iron was discovered by Pallas : 
the weight of it was equal to 1680 Russian pounds. 
According to his account the Tartars consider it as a 
sacred relic that had dropped from heaven. The 
structure of this substance is cellular; in which it cor- 
responds with other masses of native iron : manj 
of the cells have remarkably smooth and polished sur- 
faces : some of them are filled with transparent parti- 
cles of a yellowish green colour; and as these par- 
ticles correspond in dimensions and form with the 
cells containing them, and are liable to decom- 
position, it is presumed that the cells now empt} 
were once occupied by similar particles. The exter- 
nal characters and analysis of this transparent sub- 
stance have already been given in the preceding vo- 
lume under the head of Olivin, of vvhich it appears tc 
be a variety *. 

The internal colour of the native iron of Siberia ij 
like that of cast iron : it is externally coveref 
with a thin ochry incrustation, or rather simpl] 
a tarnish, of a yellowish brown colour. 

It is very malleable ; and may be easily cut by th< 
knife. 

 p. las. . 



U8 METALLIC SUBSTANCES. 

Specific gravity 6,48; which is much below that oif 
forged iron : but the difference is accounted for 
by the cellular and porous character of the na- 
tive substance. 



Iron 
Nickel 



» • 



• • 



. 98,3 
1,7 



100,0 



The analyses of other varieties of native iron, ex- 
cept in one or two instances, correspond closely with 
that of the Siberian. 



Naihe Iron qf 
Senegal. 

Iron • . « gg,5 
Nickel . • 0,5 



Native Iron of South 
America^ 



99 
1 



100,0 Mr, Howard. 100 Mr. Howard. 



Native Iron of 
Croatia. 

Iron • • . 96,5 
Nickel . , . S,5 



J00,0 Klapr. 



Native Iron of S!amsdorf 
in iSflxony.^ 

Iron . . • 92,5 
Lead • . • 6 
Copper • ; 1,5 

100,0 Klapr. 



In all the preceding instances, except one, the na- 
tive irpn is alloyed with niclwk The specimen ia 
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which no nickel was found was part of a metallic 
vein ; met with in the common process of mining : 
all the others were detached from those insulated 
masses that have been already spoken of. 

It is worthy of observation^ that a similar alloy of 
iron and nickel is constantly met with in those earthy 
bodies, which are found in equally insulated situations 
with the masses of native iron already mentioned : 
and the tradition and account of the origin of the 
earthy and metallic bodies is the same ; for it is as- 
serted that both have fallen from the air. 

However improbable this opinion may appear at the 

first view ; yet when we consider that these substancei 

differ in their composition from all hitherto known ; 

and at the same time remarkably resemble each other: 

that, in very different parts of the world, Ihey ar^ 

met with under circuipstances, which in themselves 

might lead to the supposition that they had faller 

from a great height on the spot where they now are 

and that the tradition and accounts of those who liv< 

in the neighbourhood almost invariably corroborate 

this opinion : and, lastly,, tliat in one or two instance 

they have appeared for the first time at the momen 

of the explosion of a meteor ; and have then been o 

a much higher degree of temperature than they hav 

^ver since been, or in their present situation can be 

when all these circumstances are considered, it woul 

hardly be a mark of wisdom to disbelieve at least th 
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^possibility of such an origin, as that to which they are 
generally ascribed: 

Some have supposed that these masses have been 
projected from another planet ; beyond the sphere of 
whose attraction they have been carried, by a force 
which has brought them within the sphere of this. 
The notion is uncommon, but cannot be called ab- 
surd. 

Mr. Howard has given an accurate account of 
these earthy substances in the same Paper which con- 
tains an account of the native iron of Siberia. 
 lit says that they are upon the whole distinguished 
by the following characters : 

Their fo'hn is irregular. 

Extwnally they are covered with a thin incrustation 
oPa deep black colour; the surface of which is 
ifMish, ■Irkc ■fisli-ikin,"and without the smallest 
glo9s: this incrustation seems to possess the 
properties of iron in a low state of oxydation. 

Internally they are of a greyish ash colour. 

Their tt'xtitre is granular, ahd'tesembles that of a 
coarse grit-stone. 

Siimil grains of a yellow colour and metallic appear- 
ance, not unlike iron pyrites, are irregularly dis- 
tributed through their substance; these when 
pdwdertd are black, and arc not attracted by the 
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Particles of perfectly tiietallic iron are also found 
the substance of these stones ; but not in su> 
abundance as the last mentioned particle 
they are completely malleable ; are attracted I 
the magnet themselves, and communicate tl 
same property to the stone ; of. the whole weig 
of which they con^tute about one fiftieth pari 

The two foregoing substances, together with n 
tnerous globular or elliptical bodies which vary in si 
from that of a small pin's head to a pea, are c 
mented together by means of a friable earthy su 
irtance of a whitish grey colour. 

These stones have no argillaceous smell wh< 
breathed on. 

Mr. Howard examined three different varieties < 
tfaeiue stones ; one of which came from the Siennef 
territory, in Italy ; another, from Yorkshire ; and tl 
third, from the neighbourhood of Benares, in Indii 
The foregoing description, though applicable to all i 
general, is derived from the last;- as possessing tl 
most distinct characters. 

The first was part of a stone, which, together wil 
eleven others, fell near Sienna in Italy, on the twelfl 
of July, 1 794. They fell in the midst of a violei 
thunder storm, about eighteen hours after an eruj 
tion of Vesuvius ; which mountain is two huridre 
and fifty miles distant : upon examination they wei 
found to differ from any stone met with in thi 

VOL. II. Y 
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neighbourhood. Sir. W. Hamilton received a piece, 
weighing five pounds, which had heen detached 
from one of the largest 

The second was part of a stone, weighing iifty-siK 
pounds, which fell near Wold Cottage, in Yorkshire. 
It fell on the thirteenth of December, 1795, at 
three o'clock in tlie afternoon: the day was mild 
and hazy. The stone, when found, bad penetrated 
through twelve inches of soil or loose earth ; and six 
inches of solid rock : when first extracted it was 
warm, smoked, and exhaled a strong smell of sul- 
phur. 

The last was part of a stone which fell with many 
others, one of which weighed almost three pounds, 
at about the distance of fourteen miles from Benares. 
It fell on the nineteenth of December, 1798) at eight 
o'clock in the afternoon. The sky was perfectly serene 
for many days before and after the fall. 

The specific gravity of the stone fi-om Italy was 3,41 

Yorkshire 3,50 

Benares 3,35 

Mr. Howard accurately analysed the several com- 
ponent parts of these stones ; and obtained the fol- 
lowing results : 
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Analysis of the several component parts of tl 

Benares Stone. 

Grs. 16 of the pyritical particles Mi'ere found to contain 

Sulphur .••,.,.. 2 

Metallic Iron 10^5 

— Nickel ...... 1 

Extraneous Earthy Matter • • 2 

15,5 

Grs. 23 of the magnetic particles of metallic iron contain< 

Metallic Iron 1*695 

Nickel 6,5 

23,0 

Grs. 100 of the globular or elliptical particles contained 

Silex 50 

Magnesia . • • 15 

Oxyd of Iron ••...• 34 

of Nickel 2,5 

101,5 • 

Ik 

Grs* 100 of the intermediate earthy substance contained 

Silex . 48 

Magnesia 18 

Oxyd of Iron 34 

of Nickel 2,5 

. 102,5 

* The increased weight in this and the following analysis yn 
ascertained to be owing to the increased oxydation of the ire 
produced by the nature of the processes to which it was su 
Bitted. 
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< The earthy parts of th6 Yorkshire tod Sienmt 
stones gave nearly the same proportion of oxyd of 
nickel as that of Benares : and though the pyritical 
and magnetic particles could not be subjected to ac- 
curate analysis, they each gave abundant traces of 
the same metal. 

• • • • 

From a comparison of all the preceding analyses it 
appears, that, with one exception, native iron, invaria- 
bly contains nickel ; as do also the metallic particles 
of the atones above described. 

The globular particles of the last mentioned sub- 
stances also contaia nickel^ but in an oxydated state : 
and oxydated nickel is found in the globular transpa- 
rent substance contained in native iron *, The other 
constituent parts are the same in both; and only 
differ in their proportions. 

If therefore you suppose the metallic particles of the 
stones, or the globular earthy particles of the native iron, 
to be increased in quantity; the latter at the same time 
losing their transparency ; the native iron and stones 
would approach nearly to the same state : and, from 
the above data, Mr, Howard conjectures there may 
be a natural connexion between the :two substances ; 
and that both have been deposited fix)m meteors^ 



 Vid. vol. i, p. 123. 
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Native Oxvd of Irok. 

This occurs under a very great variety df forms 
jiome of which are distinctly crystSillized, with a pcrfectli 
metallic splendour ; others have an aspect and tex 
tore completely earthy : and there is every possibh 
intemiediate modification of splendour, form, and tex- 
ture. The different varieties will be arranged ai 
nearly as possible, according to the degree' of oxyda 
tion of the iron ; beginning with those which are near- 
est the metallic stale. 

« 

Magnetic Iron Ore. 

Common magnetic iron stone ; of Kirwan. 

Native magnet : applicable particularly to the amor 
phous granular varietiei^ 

It is not malleable. 

Of a grey colour, and dull metallic lustre. 

The colour of its powder is black. 

All the varieties are attracted by the magnet; and 
some have the attractive power of that sub- 
stance : the first, according to Mr. Kirwan's sUg< 
gestion, may be called passiveh/i the last activclji 
magnetic* 

Specific gravity varies from 4,24 to 4,93- 

Primitive form, the regular octohedron. 

Iron 85 to 76 

Oxygen 15 to .$4 

100 100 Kim. 



i 
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The primitive crystalline fonn occurs very fre- 
quently io masses of schistose chlorite, aod in rocks of 
serpentine: and the ore in general is often found in 
rocks of the magnesian genus ; judging at least from 
numerous specimens which are said to come from 
Norway and Sweden ; in which the iron is almost 
constantly accompanied with various forms of as- 
bestua, Sec. 

The indurated steatite of Corsica contains magnetic 
iron ore : and an instance of the natural combination 
of this ore with compounds of the magnesian genui 
has lately occurred in the neighbourhood of our settle- 
mentsin New Holland. Specimens of the mineral here 
alluded to are in the possession of the Rev^. Dr. Clarke 
of Cambridge ; and in a fragment of one of these, 
which I have lately seen, the iron is accompanied by 
a substance intermediate in its characters betwe«n 
fibrous jade and asbestus: the lustre of the metallic part 
resembles that of the ore of tellurium called " aurum 
" graphicum ;" but its colour is much darker. 

From the great proportion of iron often contained in 
the compositionof serpentine, &c., a natural connexion 
between the two substances might be expected : Mr. 
Jameson however, whose means of information have 
been very extensive, says that magnetic iron ore does 
not often occur in serpentine, atfd never in large 
quantities. 

Some varieties of magnetic iron ore consist of im- 
perfecOy defined crystals, eitlier loosely aggregated ; 
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•r cemented by a granular form of the same substance : 
in some ike texture is partly granular; and partly com* 
pact; and in this case the ore is often mixed with 
earthy matter : in others, the texture is uniformly as 
compact as that of jasper. Some varieties are in 
the form of sand. 

This ore of iron is very abundant in Norway and 
Sweden ; and in North America. A mountain in Peru 
also is mentioned, whicli consists entirely of magnet. 
Magnetic iron ore is reduced to a metallic state b} 
fusion with coke or charcoal ; and if the process be 
carefully conducted it at once produces iron " of the 
best quality. If tod quickly fused, its oxygen is not 
entirely separated ; and the iron when at a red heal 
is consequently often brittle : in which state it is tech- 
nically called red-short iron. Mr. Kirwan observer 
with respect to this property, that metallic calces, oi 
oxyds, never thoroughly unite with substances in theii 
fully metallic statjt; hence when iron imperfectly re 
duced, in which case many of its particles are in ai 
oxydated state, is much dilated, as it is in a red heat 
the points of contact are too few, and a division oi 
fracture necessarily takes place. He adds, that sul 
phur in ever so small a proportion, or clay, or an] 
other foreign ingredient, produces the same effect. 

Magnetic iron ore affords from fifty to eighty parts 
in a hundred, of metallic iron ; sometimes even mon 
than this. 

This may be distinguished from specular iron ore 
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by the black colour of its powder ; the powder of spe^ 
cular iron ore having generally a shade of Bed mixed 
with black : also, by the readiness with which it is at« 
tracted by the magnet ; which seldom has much in*- 
fluence on even the smallest particles of specular iroa 
ore. The octobedral form of the crystals of the 
former variety is also a good distinettve mark, where 
it is present. It may be distingtiished fronr granular 
sulphuret of lead by the readiness with which it obeya 
the magnet 

Specular Iron Ore. 

Mine de fer grise ou sp6culairc^ * l^g^rement attirable 
k raimani ; of de Lisle. 

Fer oligiste, c'est k dire, peu abondant en mePal ; of 
Haiiy : the meaning of the foregoing epithet is 
not very clear, at least when explained by the 
proportion of metal contained in the ore ; this 
amounting sometimes to seventy parts in a hun* 
dred. 

Sufficiently hard to scratch glass. 

When pulverized it is of a black colour, mixed with a 
shade of red. ' 

Rarely affects the magnetic needle. 

Specific gravity varies from 5,0 1 to 5,2 1 - 

Primitive form, a slightly obtuse rhomboid ; the plane 
angles of wliich are 93** and 87"*. 



L 
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Iron . 76 to 70 

Oxygen 24 to SO 



• 100 100 

This ore frequently occurs distinctly crystallized . 
the most beautiful fonns of which variety come fron: 
the isle of Elba : tl^ interstices of the crystals of thii 
Clba iron are often occupied by a white eartlvj 
substance, and by brownish red ochre ; and their sur- 
face is frequently iridescent, or of a greenish ^hronzi: 
colour. The iridescence of this mineral is peculiarl j 
brilliant 

The specular iron ore of Norway, and Sweden, i: 
often laminated; and the mass is divided by numer- 
ous fissures, resembling lines, which cross each othei 
pbliquely so as to leave rhomboidal interstices : thes! 
lines are parallel to the primitive crystalline form <; ' 
this variety of iron. Sometimes the laminae ar! 
curved : at others they insensibly graduate into radi- 
ating acicular prisms. 

A variety of the form last mentioned occurs in ir 
regular nodules, imbedded in masses of brownish re I 
ochry clay, near Totness in Devonshire. When re - 
duced, it afforded nearly seven tenths of metalli: 
iron. 

A delicately crystallized form of specular iron oc  
curs in the hematitic iron ore found near Q^istol : tb : 
form of the crystals is usually lenticular, but so muc : 
flattened as to appear merely laminar : they accon 

VOL. II. z 
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pany pyramidal crystals of completely transparent 
quartz ; and these crystals often appear black in con^ 
sequence of the colour of the specular iron placed 
under and seen through them. 

This ore of iron reduced to grains is commonly em* 
ployed, instead of sand, in drying ink. Sometimes it 
occurs in small scales resembling mica ; and is then 
called iron glimmer^ from its shining appearance : 
ih this state it is also called micaceous iron ore. ' 
 Specular iron may be distinguished from mag- 
netic iron by the red shade observable in it when 
pulverized ; besides which it is rarely attracted by the 
magnet : from grey copper, by the red shade of its 
powder: from granular sulphuret of lead, which it 
often resembles, by the same mark : from wolfram, 
by its lighter colour and brighter lustre ; and hy itsi 
inferior specific gravity : from dark coloured mica, by 
its metallic brilliancy and greater specific gravity. 
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Native Red Oxyd of Iron. 

Hematite. 

Fibrous HanatUe, . 
Red oxyd of iron. 
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direction from the centre to the circumference. The 
specimens here alluded to are apparently conical por- 
tions of a sphere ; and, by the deficiency of some of 
the laminae nearest the centre, the cone does not ter- 
minate in a point, but in a concave surface ; the area 
of which surface is smaller or larger^ in proportion as 
fewer or more of the laminae contiguous to the centre 
have been removed. 

In consequence of the peculiarity of its structure, 
some mineralogists suppose that hematite has been 
stalagmitically formed : and there are instances of a 
similar structure in other ores of iron, by many in- 
deed also called hematitic, which appears to have 
been the result of aqueous deposition. In the pre- 
sent instance there seem reasons for supposing that 
the structure luis resulted froin a state of igneous fu- 
sion ; by a process analogous to that so ably eluci- 
dated by Mr. Gregory Watt in his observations on 
the fusion and crystallization of basalt : these obser- 
vations are more particularly referred to in the Ap- 
pendix at the end of this volume *. 

As the brown colour of many of those varieties, 
which appear to have been recently deposited from 
water, is changed to a red by the application of heat; 
probably in consequence of the decomposition of the 
water contained in the mass,, and the absorption of its 
oxygen by tlie metal ; tliey who are inclined to » theo- 

* Vid. Appendiiy p. IK 
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Pebbles • of nati Vie pxyd of iron, in an intermediate 
state between specular and hematitic ore, occur in 
some instances ; and on account of their hardness 
and smoothness are used as burnishing stones, in 
the enamelling of gold, &c. : hematite itself whe» 
sufficiently compact and hard is used for the sam^ 
purpose. Fibrous hematite is sometimes disposed t<y 
separate into masses resembling splintery fragments 
of wood. In some instances the fibres converge in a 
curved direction. 

Earthy Hematite^ 

If yon suppose a mass of fibrous hematite to have 
been reduced to powder, and subsequently washed 
away and deposiled in irregular heaps ; it would ne* 
cessarily assume a common earthy texture : if un* 
mixed with other suljstances it would only differ in 
form from the preceding variety; but if after having 
been reduced to powder it were washed away and 
deposited with earthy matter, it would approach 
more or less to the state of conunon red ochre. 

The intermediate states between these supposed 
forms of hematite are very numerous. Where the 
hematitic particles have been reunited simply, or at 
least with the admixture of very few earthy particles, 
t^e substance would have the characters of what is 
con)monly called red-chalk: specimens of this kind 
sometimes occur which are composed of numerous 
slender columns of a basaltic form, closely applied to 
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each otherj and sometimes curved in various direc* 
tions : and this may have happened in consequence 
6f desiccation ; as in the case of a mass of common 
starch. 

' One variety of earthy hematite, called by Mr. Kir- 
wan ** red scaly iron ore," adheres to the fingers 
with an unctuous feel : it appears in some instances 
to be an altered state of micaceous specular iron ore ; 
and, according to Mr, Henry, its constituent parts are 



Iron • , 


• 


. 66 


Oxygen 


• 


. 88,50 


Silex . • 


• 


• 4,33 


Alumine , 


 


. l,«5 



J00,00 

It is met with at Ulverstone, and several other 
places on the borders of Lancashire. It affords very 
good iron ; and, as the proportion of earthy matter is 
small, it requires very little limestone for its reduction, 
Where the proportion of earthy matter in a metallic 
ore is large, and of an argillaceous nature, as is most 
commonly the case, limestone is necessary in the re- 
duction of it, in order to vitrify the earthy particles ; 
lime very easily acting upon other earths so as to 
convert them into gla§s : and in the reduction of an orb 
this glass floats on the surface of the reduced metaV, 
and is called a slag. Its colour is usually a brown 
w bluish green, in consequence of the presence of 
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oxyd of iron ; which has the property of comoffatoi* 
cating^ a green colour to glass. 

Red hematite may be distinguished from compaci 
sulphuret of quicksilver, or cinnabar, in not being vola- 
tilized by heat; also in becoming magnetic by the 
application of the blowpipe. 

Brown and Black Hemdtitic Iron Ore. 
Specific gravity varies from 3,78 to 4,02. 

The term hematite has by custom been extended 
to those varieties of native oxyd of iron, which, 
though they want the characteristic colour, possess the 
fibrous and radiated structure of that species. 

The colour of these varieties is generally some 
shade of brown ; occasionally a jet black : the exte- 
rior, though commonly dull, has sometimes a remark-' 
able gloss ; particularly in tUexa&e of black hematitie 
iron ore. 

They have a more decidedly stalactitic character 
than the red liematite ; and often in tlie same specimen 
one part consists of numerous columns, or columnar 
cones, resembling the common calcai*eous stalactite ; 
and another part is of a fiat mamillaJted form, like 
the common calcareous stalagmite : the diflference of 
these two forms of carbonate of lime, with a reference 
to their origin, has been described in the preceding 
volume*'. If these columns are broken transversely 

 Vid. tqU i. pp. 43, 44. 
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they present a radiated appearance, arising from nu* 
merous fibres or lines which regularly converge from 
the circumference to the centre. 

In some instances the columnar aggregations are 
very delicate, and in their form resemble that remark- 
able variety of calcedony which has been compared 
to an agglutinated mass of the bones of small birds* : 
the columns however are placed with greater re- 
gularity in the iron ore ; and are nearly parallel with 
each other. The darker coloufed varieties are some- 
times covered with an iridescent pellicle ; the colours 
of which are extremely beautiful, and have a splendour 

« 

completely metallic. 

The Forest of Dean and that neighbourhood abound 
in brown hematitic iron ore ; many of the specimens 
of which are accompanied with a singular compound 
crystallization of calcareous spar, which has been 
already mentioned t- 

Brown hematitic iron ore has not yet been sub- 
mitted to an accurate analysis : it appears to be an 
oxyd of iron combined with different proportions of 
oxyd of manganese. 

It usually affords from two to three fifths its weight 
of metallic iron ; which upon the whole is of an inferior 
quality to that obtained from the r^d hematite : it is 
preferable for the purpose of making steel, and its 

* Vid. vol. I. p. 218. 
f Ibid. p. 53. 
VOL. II. 2 A 
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value in this respect is supposed to depend upon the 
manganese contained in it. 

Fibrous brown hematite sometimes closely resem- 
bles wood tin ; but it is specifically lighter^ and by 
the application of the blowpipe becomes magnetic, 
which wood tin does not. 



Argillaceous Iron Ore. 

In this variety of iron ore, which is very common 
in this island, the metallic oxyd is intimately mixed 
with argillaceous, and sometimes with calcareous par- 
ticles also : the compound has the appearance of in- 
durated clay. 

The specific gravity varies from 2,69 to 3,65. 

It affords from thirty to forty parts in a hundred 
of metallic iron : but most commonly net much more 
than thirty. The iron however obtained from it is of 
a remarkr'bly good quality. 

This is the ore which is worked so extensively in 
Soulh Wales ; in Shropshire ; and at Carron in Scotland. 
Its value is increased by the coal and limestone that 
usually accompany it: the limestone being necessary 
for the purpose of vitrifying the argillaceous part * ; 
the coal, for the purpose of reducing the oxyd of the 
ii'on. 

The first process reduces the metal to that state in 

* Vid. IK. 175. 
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wfcich it is called crude^ orca^t^ or pig iron : the first of 
which terms expresses its imperfectly metallic state ; the 
second, that in a state of fusion it has been received into 
appropriate moulds; and the third, by a whimsical com- 
parison, the form of those moulds ; tliat is, the melted 
iron being received into a broad longitudinal cavity, 
from which numerous smaller cavities branch out at 
right angles, the whole presents the appearance as it were 
of an animal suckling a number of its young, lying on 
each side of it. The iron in this crude state being 
imperfectly reduced, and having also imbibed a por- 
tion of the coaly matter employed in its reduction, is 
too brittle and too hard for common purposes. In 
the subsequent process it is thrown into a horizontal 
furnace, and kept constantly in contact with the fuel by 
which the furnace is supported : and as the heat is 
sufficient to soften without melting it, it is kneaded 
constantly by means of long rakes worked by men 
from the mouth of the furnace, till by degrees the 
oxygen contained in it is entirely separated; and the 
iron in that respect is reduced to a completely metallic 
state. The increasing toughness of the kneaded mass 
affords the means of estimating the progress of the ope- 
ration. But as iron at a high temperature very readily 
imbibe^ charcoal, on which property indeed depend* 
the fabrication of steel, the kneaded mass of iron is 
not yet of its ultimate degree of purity ; in conse- 
quence of its containing a greater or less proportion of 
charcoal This may in a great measure be separated 



/ 
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by mechanical force, as hammering and rolling : but 
in being separated it carries with it a portion of the 
iron. This compound of the charcoal and iron, which 
^ f) is analogous to the natural mineral called plumbago, 

. is the substance which flies off in the fonu of brilliant 
^' ' '^ sparks from a piece of iron, of a white or a high red 
heat, when struck by the hammer on a common an- 
vil ; or from those larger masses which have lately un- 
dergone the process of reduction, when flattened by 
the more powerful engine of a foundery. 

Argillaceous iron ore commonly occurs in thin 
seams or strata alternating with coal and limestone; 
sometimes in distinct nodules of an oblong oval, or len- 
ticular shape. These nodules are often disposed to 
separate into two parts ; and in this case the surfaces 
of the divided parts usually bear vegetable impres- 
sions ; apparently of a species of fern. The form of 
the nodule generally corresponds with the outline of. 
the impression : it is probable therefore that the sub- 
stance, of which the impression remains, either was 
the nucleus round which the ore while in a soft state 
was deposited ; or else, in the general contraction of 
the stratum in which it occurs, it formed a point of 
imion that held together the adjacent particles, and 
thus was the cause of the form of these nodules. These 
impressions are sometimes superficially covered with 
a thin incrustation of iron pyrites : and sometimes tlie 
central part of the nodule consists of compact specular 
iron ore. 



ifr 
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There are different varieties of this ore, which 
have acquired distinctive names in consequence of 
die peculiarity of their form ; but, as there is no es* 
sential difference in these substances, a short descrip- 
tion of them will be sufficient. 

The atiteSy or eag lest one ^ is a hollow nodule con- 
taining a kernel of the same substance ; the 
kernel occupying more or less of the cavity. 
The ancients had an idea that this kind of 
stone was found in eagles' nests; and hence 
the term atites: if the cavity contained loose 
earth it was called geodes. But the terms eagle- 
stone and geode are not confined to these va- 
rieties of iron ore ; being applied to mineral 
substances in general of a similar form. 

Ball-ore of iron : this is made up of irregularly con- 
centric laminae. This and the foregoing variety 
are commonly met with in the argillaceous iron 
mines of this country. 

Pea-ore of iron : this occurs in small spherical grains. 
It is principally met with in the central parts of 
Europe. A variety of this ore analysed by 
M. Vauquelin gave the following results ; 

Iron .... 30 



Oxygen . . 


. 18 


illumine 


. SI 


Silex . . 


. 15 


Water . . 


. 6 



100 
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Another variety from Mount. Cenis consisted df 

Oxyd of Iron . • 30 
Silex and Aluinine • 20 
Carbonate of Lime 50 



100 



k 



According to Mr. Jameson, pea iron ore is met 
with in secondary limestone, and in beds of clay : in 
the limestone it appears to fill hollows, and the parti- 
cles are connected together by stalagmitic carbonate 
of lime, so that the whole mass appears as if com- 
posed of distinct concretions. 

In Dalmatia it is said to be used by the inhabitants 
instead of shot 

Lowland Iron Ore. 

Meadow lowland ore ; and swamps and morass iron 

ore* 
Specific gravity about 3. 
Its constituent parts, the proportions of which do not 

^eem to have been ascertained,. are 

Oxyd of Iron 

Phosphoric Acid 

Alumiue 

Sjlex 

Vegetable extractive matter, in small quantity. 

Buring the reduction of this ore, which affords 
about three tenths of metallic iron, the phosphoric 
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acid contained in it is decomposed ; and the phos- 
phorus combining with the iron communicates to it 
the property which has given rise to the term cold^ 
short ; that is, though malleable when hot, it is brittle 
^hen cold. 

According to Werner, this species of iron ore is 

formed in the following manner : " The water which 

■'^ flows into marshy places is impregnated with a ve- 

** getable acid, formed from decaying vegetables, 

'* which enables it to dissolve the iron in the rocks over 

'** which it flows, or over which it stands. This water 

** having reached the lower points of the country, or 

.^^ being poured into hollows, becomes stagnant ; by 

'^ degrees evaporates; and the dissolved iron being 

.<< accumulated in quantity by fresh additions of water* 

^' there follow successive depositions, which at first 

''are yellowish, earthy, and of little consistence; 

'' and this is. Morass-ore : but in course pf time they 

** become harder, their colour passes to brown, and 

** thus Swamp-ore is formed. After the water has 

'' completely evaporated, and the swamp is dried up, 

^' the swamp-ore becomes much harder, and at length 

'* passes into Meadow- ore, which is already covered 

'* with soil and grass *." 

* Yid. JamesoQ^s Mineral. toL ii. p. 338. 
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SULPHURET OF IrON. 

Pyriies : tiiis term is derived from the use to which 

< it was formerly applied, of obtainiDg sparks by 

percussion, as from the common flint and steel. 

Pliny mentions this application of pyrites very 

particularly. 

Martial or Iran pyrites ; to distinguish it irom cop- 
per pyrites, which it often closely resembles. 

Marcasite : according to Wallerius this word is used 
by the Arabians to express any substance in an 
imperfectly metallic state, and not easily re- 
duced : and he supposes it may be derived from 
the Hebrew word " marach," ** Jiaoeseere.'' 

Loses its sulphur, and becom^ red, by the applica- 
tion of the blowpipe. 

Almost all the varieties strike fire with steel ; with, at 
the same time, a sulphurous smelU 

Specific gravity varies from 4, 10 to 4,74. 

Primitive form, the cube : some of its crystalline 
forms appear to be derived from the regular oC- 
tohedron. 

Dodecakedral Pj^rites, Cubic Puriies^ 

Solphur . • 5£,15 , . • 5^,tO 
Iron . . . 47,85 . . 47,30 



lOO/JO iaO,(lX) Mr. Hatchett. 
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Radiated Pi/rites. 

Sulphur . . 53,60 • . . 54,54 
Iron ... 46,40 . . • 45,66 



100,00 1 00,00 Mr. Hatcheit. 

Magnetic PyriteB. 

Sulphur • • • 36,50 
Iron .... 63,50 



100,00 Mr. Hatcliett. 

The substance known by the name of " piedra de 
^* los Incas" is a cubic form of iron pyrites ; which 
from its size, and the splendour of its surface, was 
used by the monarchs of Peru as a mirror. The sur- 
faces of cubic crystals of iron pyrites are in general 
striated in such a manner, that the lines of any one are 
at right angles to those of all the adjoining. 

Besides its distinctly crystalline forms, iron pyrites 
occurs in serrated plates resembling a cock's comb : 
in capillary filaments : in radiating fibrous masses : in 
all kinds of stalactitic shapes : in the form of small 
mushrooms : in rounded nodules, which firom the 
roughness of their surface have been compared to mul- 
berries ; this roughness ^eing occasioned by the pro- 
jecting points of small crystals clustered together ; 
sometimes in masses in which the distribution of the 
seyeral parts presents an appearance -similaf to some 

VOL, II. 2 a 
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varieties of agate ; particularly that called " fwtvfi' 
*^ cation agate* :" and, lastly, in grains loosely ag- 
gregated in marl ; and in the form of an incrustation 
oti coal and fossile wood. 

Siilphuret of iron is disposed to undergo two rery 
different changes by exposure to the air : for either the 
«ulphur is dissipated ; or, by absorption of oxygen, it I 

is converted into sulphuric acid. 

In the first instance the pyrites gradually loses its 
metallic splendour ; and is ultimately reduced to the 
$tate of a brown oxyd of iron : from its colour the 
decomposed sulphuret is distinguished by the epithet 
•* hepatic." This variety frequently contains gold*, 
and is consequently called " auriferous pyrites ;" but 
the gold is not chemically combined with the other 
constituent parts of the pyrites : it is simply mixed 
with them ; and therefore as the decomposition pro- 
ceeds its particles become, more apparent^ In some 
masses of sulphuret of iron this decomposition has not 
penetrated far ; in others it has nearly pervaded the 
whole substance, so that only the central part retains 
the characteristic colour and lustre of undecomposed 
pyrites. Sonne mineralogists are inclined to think 
that several of the argillaceous ores of iron have 
arisen from the accumulation of particles of pyrites^ 

 Vid. ▼ol. i. p. 4^4* 
+ Vid* p. 144. 
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decomposed in the foregoing manner; which have 
been washed away and deposited by water- 
In the last instance, the acid produced by oxygeaa- 
tipn of the sulphur conibines with the iron, and forms 
the metallic salt called sulphate of iron, or green vi- 
triol. Radiated and stalactitically formed masses of 
pyrites are particularly subject to this spontaneous 
alteration. / 

It is not known what occasions the predisposition 
in the pyrites to undergo these changes. In the 
change last mentioned Mr. Hatchett thinks it proba- 
ble that the sulphur in the natural substance is already 
slightly combined with oxygen, which disposes it to a 
further absorption of the acidifying principle. The 
appearances that take place in the pyrites during the 
formation of the green vitriol have been already de- 
scribed *. 

There is no depth to which mining has been car- 
ried where iron pyrites is not found : one of its most 
common appearances perhaps is under the form of 
cubic crystals imbedded in varieties of slate. The 
substance of fossile shells, especially of the variety 
called " cornii ammonis," is frequently pyritical. 

The variety called magnetic pyrites does not occur 
crystallized : its magnetic property depends on tlie 
small proportion of sulphur contained in it. 

Iron pyrites is never worked as an ore of iron : it 

 Vid. p. 21. 
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is principally valuable on account of the sulphur con-* 
tained in it ; which is either separated by means of 
heat; or, in consequence of artificial processes, is 
made to undergo that alteration which gives rise to 
the production of green vitriol. 

Iron pyrites may be distinguished from copper py<^ 
rites by its greater hardness : from native gold, by ita 
want of malleability. 

Spathose, or Sparry Iron Ore. 

This substance differs not, except in its form and 
the proportions of its constituent parts, from pearl 
spar ; which has been already spoken of in the first 
volume *. It is there said that the specific gravity 
of pearl spar is about 2,8: and that its constituent 
parts are 

Carbonate of Lime • . . . ^4 
Oxyd of Iron and Manganese 6 

100 

It is also there said, that when the proportion of 
metallic matter is sufficient to raise the specific gra- 
vity above S, its pearly lustre is lost : when sufficient 
to raise the specific gravity above 3,6, ft is to be 
considered as the ore of iron called spathose or 

• Pp. 56, 57. 
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sparry. This name is derived from its foliated or 
laminated structure. 

Sparry Iron Or* Sparrtf Iron Ore 

from Stiria, from Sweden. 

Oxjd of Iron • . . 38 . • • • 22 

Manganese • £4 .... 28 

Carbonate of Lime . 29 • • • • 43 

91 95 Bergm. 

The iron obtained from this ore is in general of a 
very good quality, and easily converted into steel : 
sometimes indeed a part of the reduced metal is in 
the state of steel upon its first reduction : hence this 
ore is sometimes called '* steel ore/'- 

It is rarely met with in England. In the central 
parts of Europe it occurs in great abutidance, and 
has been smelted for many centuries. 

Phosphate of Iron. 

Native Prussian blue : from its resemblance to the 
artificial substance so called. 

This occurs in an earthy form, always in small par- 
ticles, in beds of clay ; also mixed with lowland iron 
ore; and incrusting turf and peat. It has not yet 
been accurately analysed. 

It principally occurs in situations where organic 
matter is present in a state of decay ; and, from the de- 
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composition of this organic matter, the phos^ioric acid 
has very probably been produced. 

When 6r$t disengaged from the substances in wbicb 
it is contained it is of a greyish white colour: by ex- 
posure to air it becomes blue ; probably by absorp- 
tion of oxygen. 

It is found in morasses containing swampy iron ore; 
and, according to Brongniart, in the cavities of some 
of the lavas of Mount Etna. When thrown into oil 
it becomes black ; and may thus easily be distin- 
guished from earthy blue carbonate of copper, foi' 
which it is liable to be mistaken. 

The Turquoise. 
Gemma Turcica. 

This substance, which, according to Tavemier, is 
only found in Persia, has hitherto been considered 
as a fossile bone or tooth coloured by copper : but, by 
a late analysis of M. Bouillon la-Grange, it appears 
that its colour is owing to phosphate of iron ; and 
that there is no copper contained in it. The results 
of this analysis were as follow ; 

Phosphate of IJme . . 
Carbonate of Lime . . 
Phosphate of Iron . . 
Pfaosphsle of Magnesia . 

AluniJDe 

Water 
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In travelling a few years since through Cornwall 
I met with the recent tooth of a horse, lying near 
the foot of a heap of copper ore on the sandy 
bank of the mouth of a small river : the rain that had 
fallen on the copper ore had carried away with it par- 
ticles of copper in the state of green carbonate ; which 
had communicated to the tooth a bluish green co« 
lour. As a similar alteration in the colour of par* 
tides of bone &c. has often probably been observed 
in the neighbourhood of copper mines, mineralogists 
were easily led to suppose that the colour of the tur- 
quoise was derived from the same source. It is now 
known, in consequence of the foregoing analysis^ that 
the colour is owing to phosphate of iron* 



AaSENXATE OF IrON* 

Specific gravity 3, 

Fusible by ttie blowpipe into a dark coloured scoria ; 
with a copious disengagement of arsenical fumes« 
It is commonly met with in distinct cubic crystals^, 

Oxyd of Iroa • , • « 48 

Arsenic Acid « • • ^ 20 

Water ..,•.. 30 

CarboQate of Lime • • i 

*■ • 

100 Fauq^r 
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This substance has only yet been met with in 
Cornwall. When pure it is of a deep olive green 
with a shade of yellowish brown. There are mixed 
forms of iron and copper combined with arsenic acid r 
these are usually of a greenish blue colour/ 




1$3 
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ZINC. 



I Nativi Oxtd of Zinc< 

Calamine. 

Cadmia ; of Pliny. This and the foregoing term are 
, J , ^^plicable to the earthy forms. 

When crystallized it easily becomes electric by heat ; 
and often retains its electricity some hoars. 

Soluble in nitric acid ; and gives a gelatinous consist- 
ence to the liqucHT. 

St)ecific gravity varies from 3,52 to 4, 10. 
Primitive form, a rectangular octohedron. 



Calamine of Derbyshire. 

, Oxyd of Zinc 68 
SUex . . 25 
Water . . 4- 

97 Mr.Tennant 



Calamine of Watdock'head. 

Oxyd of Zinc . 66 
of Iron . 35 

99 Klapr. 



Earthy calamine occurs in great abundance in dif- 
ferent parts of England ; sometimes forming an in- 
crustatiori round crystals of carbonate of lime ; some- 
times in amorphous masses that have a corroded 
or carious appearance. 

VOL. !!• 2 c 
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Many of these masses are cellular, and the form of 
the cells is rhomboidal. Here and there they are 
filled with calcareous spar, which has also a corroded 
appearance ; or, more properly speaking, the calca- 
reous spar has not yet been removed : for by an exa- 
mination of diiferent specimens it seems clear that 
the calamine has gradually taken the place of the caU 
careous spar ; and, having probably been introduced 
between the laminas, has given rise to those rbomboidat 
cells above described. 

Oxyd of zinc sometmics penetrates OAtbon^e of 
lime without destroying itsj texture ; as in the case of 
the greenish white stalagmite of Derbyshire *, and of 
many calcareous crystals t« 

The use of calamine in the com<positipn of brass is 
very generally known. Aristotle mentions this «lppli^ 
cation of it and makes a distinction between the con>« 
pound resulting from the mixture of copper and cala- 
mine ; and that resulting from the nlixture of copper 
and tin : (pacr* tov Motrcri/vo/xoy %(x\Koy KufATr^itieTW^ , 
koci TiBvxirocToy {Ivocij ov TffU^tk^iyvvfJLSviS amto Koca^iTspH, 

Crystallized oxyd of ainc, which is frequently 
met with in Somersetshire, Derbyshire, and Not- 
tinghamshire, is distinguished from many of those 
substances called zeolites, in not swelling up into a 



• • 




 Vid. Tol. i. p. 46. + Ibid. pp. 51. 54. 
j: Arisf. ed. Paris. 1654, ?ol. ii. p. 7^1. 



spongy mass upon the application of tW blowpipe-: 
from carbonate of time, by either not effe^r^escing with 
nitric acid ; or by becoming gelatinous when dissolved 
in it : from sulphate of lime and sulphate of baryt, by 
its solubility in acids. 

Native oxyd of zinc sometimes occurs combined 
with blue or grejpn carbonate of copper: ores of this 
kind produce brass by the process of simple reduc- 
tion ; and are consequently very valuable. They are 
very rare. 

A singular form of oxyd of zinc has lately occurred 
in those mines in Sweden which produce the ore of 
copper called Fahlertz *. It is principally a combi- 
nation of oxyd of ?inc with aluraine ; its specific gra- 
vity is 4,66; atid it is sufficiently hard to scratch 
glass. It is rnet with in octohedral crystals of an iron 
grey colour, imbedded in ja rock of the nature of com- 
pact talc. It is called automalite or automolite. 

SdL^HURtT OF Zinc. 

Blende and pseudo-gakna : these terms are applicable 
to the'dark coloured varieties which resemble sul- 
phur^t of lead^ orgajenfi. . 

Sometimes phosphoresceiijt by friction ; and, accord- 
ing to Bergman, as powerfully under water as in 

the air. , , 

• ' • » ; .  . . '* ,  

* Vid. p. 115. 
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Easily scratdied by the knife. 

Specific gravity varices frona 8,77 to 4»04. , 

Primitive form, the rhomboidal dodecahedron. 

Small tnamillated Blende from Cornwall. 

Oxyd of Zinc . . • • 66 | 

Sulphur 33 

99 

• 

Photphoreseent yellow Blende Brown laminated Blende 
from Saxontf. from Northumberland. 

OxydofZinc. .64 58,8 

Sulphur * • . £0 . . . . . 23,5 

Oxydoflron . . 5 .... . 8,4 

Water ... * 6 . . Silex 7 

95 Bergm. 97,7 Dr. Thomson. 

Black Blende 

Oxyd of Zinc . ... 53 

Sulphur 26 

Oxyd of Iron . . ^ * , 12 
Water . . . ... 4 



m »t 



.9$ Lampadius. 

The origin of the term blende has been already ex- 
plained in the firSt volume *. It is strictly applicable 
to those varieties only which resemble galena : but 
ha? been extended by custom to all. The lighter co- 

* P. 239. 



lobred icrystallrzrf \€Sr'\&\t& ha'rc \jiften a Tesinotw 
transparency and lustre:: both these aiid ihe black jO€(- 
loured very! miicti re^akibki crystallized tin ore. Tha 
light coloured are said tohdva the phosphorescent pro- 
perty, to the greatest extent. ? / . 
! Xba coiomoaest f0nmro£9iEl[idiuret of zinc is conir 
pact and laminated, and in its appearance is not un** 
like sparry iron ore ; which it often accompanies : 
this variety is very easily divisible in the direction of 
its lamiose ; and from it the primitive form may often 
be^ mejcbanicaUy .extracted with, great facility; 
L . Ttiet^ausfe of the photphoifescence of blende is not 
known: it. fe sometimes excited by the lightest 
force. . : 

The variety from Cornwall^ of which the analysis 
has been given above, was contained in a mass of 
spongy pyrites: it externally reaembled mamillated 
sulphuret of copper ; internally it was not unlike a 
light coloured variety of wood tin. It is a very rare 
form of blende ; and, if the analysis was correct, ap- 
pears to be the purest natural state of this ore. 

Sulphuret of zinc is one of the most common me- 
tallic ores ; its matrix is very frequently quartz and 
carbonate or fluate of lime. When roasted, in order 
to expel the sulphur, it is used instead of calamine in 
brass-making. It almost always accompanies galena ; 
which it sometimes so closely resembles, that, though 
the two substances are placed by each others side^ the 
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eye tan icaroety disoem rthe difierionoe: the <K»> 
tractive nutrks bare been already given*.. . 

. Sulphuret of »nc nmijr.be'distinguisbed from most 
other substmoces which it resembles byexbalioga sul- 
phurous odour, like thu from Harrogate valei^ 
when cidier. triturated in- a.mortar or thrown into an 
■add. 

Caebonate of Zinc> 
Mauj mineralogists do not admit this as a distinct 
species; . and all admit that in external characters it 
very dbaely resembles the nativeoxyd. its existence 
faowerer can hardly be questioned by those who are 
acquainted with the results obtained by Mr. Tennant. 
He analysed the three following varieties of carbonatf 
of ziac - ' 

From Derbyshire. From Somersetshire. 

Ojiyd of Zinc .. 65 ... 64 
Cai'boaic Acid .. 34 ... 35 

99 90 

From Blegberg, in Carintfua. 

Onyd of Zinc . . 71 

Carbonic Acid . . 13 

Water . . . . 1» 

9y 

*Vid. p. 19fi. 
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ANTIMONY. 



i* 



>'' 



J f 



In colduf it resembles tin. 

It has a remarkably laminated structure. 

Fusecj^ and then volatilized in th.e form of . white 
«mokfi, by tli^ lplKPiW4)ipe, 

Reducible by mechanical division to the regular dcto- 
hedron ; and also to the rhomboidal dodecahe- 
dron. 

Specific gravity 6,72. . '? . . 

I;ti has heatk met wit|i in Sweden in a.miiitrix of I'l^hitft. 
' . carbonate of liiDe; and in Dau^hiny, in quartz; 
and lately 04 St. Andreasberg.' 



• ■» 



I JBifetallic Antimony . c* .u^^^r 
Silver ....... 1 

Iron 0,25 



> « 






M. Haiiy describes the structure of native antimony 
as more complicated than that of any mineral he ha* 
hitherto met with. 
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Native antimony is sometimes alloyed with a con- 
siderable proportion of silver *. 



Native Oxyd of Antimony. 

tVhite AfitiTnonial ore ; of Kirwan. 

This was once very generally considered as a native 
muriate of antimony. M, Vauiq^eliai has lately lis- 
certained its real nature, and found it to consist of 
the following component parts : 

Oxjdof Antimony . . . . /' /' l'' . .86 
Oxyd of Antimony^ mixed with Okyd of Iron 3 
Silex ^ . . . . 8 

97 

From its pearly lustre and white cblpur it itiay be' 
ihistaken for some varieties of the subsUslnces usually^ 
called zeolites : but it >is fosible^^ven itr the flame of 
a candle ; and without the effervescence that accom- 
panies those substances : they, besides, require the 
heat of a concentrated flame in order to firse them. 
The oxyd of antitnony- is also almost entirely volati- 
lized by the continued applicatiod of the ^blowpipe; 
which the other substances aire not. 

• Vid. pp. 85, 89. 
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SULPHURET OF AnTIMONY. 

Si J 

XrifULi ; of the Greek authors. 

Stibium; of PJiny. 

^ine d'Antimonie grise ou sulfureuse; of de Lisle. 

Plumose Antimonial ore : thia term is applicable to 
the varieties consisting of the most delicate ca- 
pillary prismatic filaments. 

Fusible in the flame of a common candle. 

It leaves a black trace when rubbed on paper. 

Specific gravity varies from 4, 13 to 4,51. 

Primitive form not yet ascertained. 

Antimony ... 74 
- Sulphur ... 26 

100 Bergm. 

This ore is very commonly met with in different 
parts of Europe and Asia, and usually occurs in 
masses, the structure of which is prismatic; the 
prisms more or less closely aggregated, and diverging 
from a common centre. In proportion to the deli- 
cacy of these prisms, their surface is disposed to be 
iridescent. The plumose variety, from the close in- 
tertexture of its filaments, resembles a piece of soft 
cloth, or even common tinder ; and in this variety 
the iridescence is particularly apparent. 

In general the colour of sulphuret of antimony, is 
like that of steel ; and its fresh fracture is remarkably 
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bright. Some varieties are of a yellowish tin colour, 
and are superficially tarnished. 

The size of the prisms of sulpburet of ai>titao»y 
is by no means uniform in all instances ; nor their 
position regular : sometimes larger prisoos irregolariy 
aggregated are united as it were by minute prions 
crossing from one to the otlier at different angles. 

Sulphuret of antimony sometimes penetrates the 
substance of sulphate of baryL 

This ore of antimony has been very commonly used 
in all ages, and in different countries, for the purpose 
of tinging the hair and eyebrows black. 

Prismatic or acicular sulphuret of antimony resem- 
bles manganese when of a similar form : the ready 
fusibility of the former is a good distinctive mark be- 
tween the two. The sulphuret may be distinguished 
from native antimony by the black streak which it 
leaves on paper, 

Hydrosulphuret of Antimony. 

The red antimonial ore of Mr. Kirwan is a modi- 
fication of the common sulphuret ; containing hydro- 
gen in addition to sulphur : hence its present name; 
The transition firom one state to the other may occa- 
sionally be traced in the same specimen. 

It is met with in Saxony and Hungary, in acicular 
prisms ; and in a plumose form. Its colour is a deep 
dull red. 
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ARSENIC. 



Native ARSEisric. 

It is very brittle. 
Of a light steel grey coionn 

When exposed to the action of the blowpipe it eiiiitf 
a strong smell of garlick: as do ail its com- 
pounds. 
Specific gravity 5,74. 

Native arsenic is not met with in many situations. 
It occurs sometimes in concentric laminee which ap- 
pear to have been formed round a nucleus of red sil- 
ver ore. Its metallic lustre very soon tarnishes 
upon exposure to air. Sometimes it is alloyed Mith 
native silver *. 

Arsenic alloyed with Iron. 

Mispickel. 

Arsenical pyrites : this term is applicable to those va- 
rieties which contain sulphur. 

Strikes fire with steel ; at the same timie emitting a 
smell like that of garlick. 

It is of a tin-white colour. 

 Vid. p. 85. 
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Specific gravity varies from 4,79 to 6,52. 

Primitive form, a prism at right angles with its base; 

which is a parallelogram with angles of 103' 20^ 

and 76' 4(/. 

Arsenic . . '. 42,1 
Iron .... 57,9 

]00,0 

This form of arsenic is very common in the tin 
mines of Cornwall. The nhite oxyd of arsenic, 
which is the white arsenic of commerce, is often ob- 
tained from it, by submitting the ore to the process 
of roasting, and collecting the volatilized oxyd in flues 
conncctiQg with the chambers in which the ore is 
roasted. 

The alloy of arsenic and iron often contains sul- 
phur ; iu which case it is more or less of a yellow co- 
lour; and is called arsenical pyrites. The propor- 
tions of the three substances are very variable : in 
some instances the sulphur and iron so far predomi- 
nate, that the arsenic scarcely constitutes a twentieth 
Tart of the whole mass. 

This ore very niux:h resembles the native alloy of 
robalt and arsenic : the colour of the latter has often 
t faint shade of red, by which it may be distinguished ; 
uid its form is a modification of the cube, while that 
>f the substance under consideration is prismatic. 
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SULPHURET OF ArSENIC. 

Native Realgar. 

Sandaraca; of Pliny. 

Its colour is an orange red ; with, sometimes^ a slight 
degree of transparency. 

Acquires the resinous or negative elecricity by 
friction. 

Very brittle. 

When exposed to the action of the blowpipe it ex- 
hales a mixed smell of sulphur and garlick ; 
burns with a blue fl^me ; and emits white fumes : 
the colour of the flame depends on the sulphur, 
the white fumes on the arsenic^ contained in it. 

Specific gravity 3,33. 

Primitive form, an octohedron ; the surfaces of which 
are scalene triangles : it is probably the same as 
the primitive form of sulphur ; but as realgar 
only occurs in minute crystals this has not 3'et 
been ascertained. 

Realgar of Pozzttolo. 

Oxyd of Arsemc . • 90 
Sulphur 10 

1(X) Bergm. 

The remaining part of the history of this substance 
will be given under tliat of the following variety. 
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Native Orpiment. 
'Appfv/Hov, of Theophrastus ; by the later Greeks 

written 'Apo-fwxoy. 

Arsenicum ; of Pliny. 

Auripigmentum : from its golden yellow colour, and 
the use to which it is commonly applied. 

It is frequently of a laminated structure : the laminae 
are slightly flexible, but in bending them they 
break in straight transverse lines. 

Colour, a bright pure golden yellow : upon the appli- 
cation of the blowpipe it is changed to an orange. 

Its other characters correspond very closely with 
those of realgar. The constituent parts of both 
substances are the same : but it is supposed that 
in orpiment the arsenic is in a higher state of 
oxydation than in realgar. 

This substance, which is the arsenic of the ancients, 
difiers from the substance commonly called arsenic at 
the present day, in containing a portion of sulphur ; 
and in being consequently of a yellow colour : whereas 
our arsenic is perfectly white. 

That the arsenic of Theoplirastus and Pliny was of 
a yellow colour is evident from the particular descrip- 
tion which they give of it. Pliny says that the best 
arsenic is " coloris'in auro excellentis :'* Theophras- 
tus says that, on account of its resemblance in colour. 
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•cbre («%fa) is used instead of arsenic : but the term 
£%p(x itself is apparently derived f5rom its yellow co- 
lour ; and that it was of this colour appears further 
probable, firom its being changed to a red by calcina- 
tion *, which is 'mentioned by Theophrastus, and 
being thus converted into the substance called M/Ato^, 
'which answers exactly to our red ochre. Of sanda- 
raea, which has been used as a synonym for realgar, 
Pliny days, " metior quo magnis rufescit.'^ 
. The term *Af(r£y/?cov, from which our woid arsenic 
is derived, was an epithet applied by the ancients to 
those natural substances, the properties of which were 
found to be of a strong, and as it were mascuUne cha- 
racter: and as the poisonous quality of arsenic was 
soon found to be remarkably powerful, the term was 
especially applied to that form of it which was most 
commonly met with. 

The arsenic of commerce of the present day is in 
some instances of a yellow colour; and as the ores, 
from which white arsenic may be obtained, very com- 
monly contain sulphur, the presence of this yellow co- 
lour is easily explained: for the orpiment of com- 
merce, which is valuable on account of its yellow co- 
lour, is obtained by subliming together either a mix- 
ture of white arsenic and sulphuret of iron ; or of sul- 
phuret of iron and any mineral containing a consider- 
able proportion of arsenic. 

Realgar and orpiment are met with in the cavities of 

 Vid. Tol. i. p. 177—179. 
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many volcanoes : and in the substance of many pri- 
mitive rocks. They occur in great abundance in 
Saxony, Bohemia^ and Hungary. 

Realgar is distinguished from red silver ore, and 
chromate of lead, by its inferior specific gravity: 
from cinnabar, by the yellowish red colour of its 
powder ; that of cinnabar being a bright red. The 
strong smell of garlick, and the white fumes which it 
emits upon the application of the blowpipe, are in 
themselves strong distinctive marks between this sub- 
stance and others with which it is liable to be con- 
founded by the eye. 

Orpiment is distinguished from native sulphur by 
its laminated structure, and by the garlick smell which 
it emits upon the application of the blowpipe : the last 
property serves also to distinguish it from yellow mica*^ 
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COBALT. 



Nativje Cobalt alloyed with Arsenic. 

It$ colour is silrer M^hite ; sometimes with a faint 

shade of red. 
Exposed to the blowpipe it immediately emits a 

white fume, accompanied with a strong smell of 

garljck. 

There are two varieties of this natural compound ; 
one having a granular, the other a laminated texture. 

The first is called by M. Haiiy " arsenical cobalt :" 
its specific gravity is 7,72 : its primitive form has not 
yet been ascertained ; but it is found crystaUized in 
cubes, and octohedrons, and the modifications of 
these. 

The last he calls *' grey cobalt:" its specific gra-^ 
vity is 6,33 : it often strikes fire with steel, emitting at 
the same time a smell of garlick : its primitive form is 
a cube, the surfaces of which are remarkably brilliant. 

Gre^ Cobalt of Tunaberg in Sweden. 

Cobalt . • .44 
ArseDic . • . 55^5 
Sulphur • • 0,5 

100,0 Klapr. 

The crystalline forms of this last variety are numer- 
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ous, but in general very accurately defined. The 
surfaces of the cubic crystals, like those of the cubic 
crystals of sulphuret of iron, are striated in three dif- 
ferent directions, at right angles to each other. 

Cobalt alloyed with arsenic is reduced to the state 
of the simple oxyd of cobalt by the process of roast- 
ing : the oxyd is extensively used in the arts, for the 
purpose of giving a blue colour to glass, and enamels, 
&c. During the roasting the arsenic is separated in 
the state of a white oxyd, and is deposited in flues 
communicating with the chambers where the ore is 
roasted. From the nature of the substance deposited, 
these flues are usually called ^' poison flues:'' and 
probably from the same circumstance the German 
miners gave this metal tl:ie name of cobalt ; which li- 
terally signifies an " evil spirit" 

The white fumes and the strong smell of garlick 
emitted from this variety of cobalt, and its property 
of communicating a blue colour to glass of borax, dis* 
tinguish it from all other minerals. 

Native Oxyd of Cobalt. 

This ore, which does not often occur, is of a black 
colour, and earthy appearance ; but if rubbed with 
any hard substance its surface becomes brilliant : and 
this is a very good distinctive mark of it. 

When pure it is particularly valuable; as already 
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existing in a fit state for the purpose of colouring 
glass &c. without the necessity of being roasted. 

A yellow oxyd of cobalt is sometimes met with 
but is more rare than the black oxyd, 

Arseniate of Cobalt. 

Peach blossom ore of cobalt; from its colour. 

Red cobalt ore. 

Fhwers of cobalt. 

The colour is a violet red. 

It is met with in capillary filaments, and in a pul- 
verulent form : it usually accompanies other ores, of 
cobalt; and is found in white quartz, in sulphate of 
baryt, ^nd sparry iron ore : sometimes blue carbonate 
of copper is contained in the same matrix with the red 
cobalt ore. 

This form of cobalt has probably been the result of 
the spontaneous alteration of the alloy of arsenic and 
cobUt 

Tt is distinguished from red antimony &c. by giving 
a blue colour to glass of borax. 
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Native Bismuth. 

Its colour is yellowish white. 

It is brittle. 

Structure remarkably laminated. . 

Fusible in the flame of a common candle. 

Its surface is sometimes iridescent. 

Specific gravity 9,0a. 

Bismuth occurs more frequently in a native than 
in any other form. A ■dendritic variety is met with 
in Saxony, which ramifies through the substance of 
red jasper : polished specimens of this substance are 
much valued on account of their beauty. Sulphuret' 
of bismuth is of^en mixed with native bismuth. 



Native Oxyd of Bismuth. 

Bismuth ochre ; of Kirwan. 

This is frequently found on the surface of native 
bismuth, in the form of a greenish yellow powder. 
The yellow shade of colour in this oxyd serves to dis- 
tinguish it from green carbonate of copper ; and from 
oxyd of nickel. 
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NICKEL. 



Nickel alloyed with Arsenic. 

Kupfer-nickel ; from its red colour, which inclines to 

thatofcoppeh 
Its colour is a reddish yellow ; and is one of its most 

distinctive characters. 
Specific gravity 6,6S. 

This substance is a compound of nickel, iron, and 
arsenic. 

The natural alloy of nickel and iron has already 
been spoken of under the head of native iron. 

Arsenical nickel is distinguislied from native cop- 
per, by its want of malleability : from bronze coloured 
copper pyrites, by the smell of garlick which it emits 
upon the application of the blowpipe. 

Native Oxyd of Nickel. 

This is found incrusting the preceding variety, in 
the same manner as the oxyd of bismuth incrusts na- 
tive bismuth. 

It is insoluble in nitric acid, and may thus be dis- 
tinguished from green carbonate of copper, and also 
from oxyd of bismuth. 

It has already been said that the green colour of 
chrysoprase is derived from oxyd of nickel *. 

 Vid. ToL i. p. 204. 
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MANGANESE. 



Native Oxyd of Manganese. 

Specific gravity varies from 2 to 4,75. 

It sometimes occurs in distinct crystalline prisms of 
a metallic splendour, and steel grey colour ; 
sometimes in amorphous masses of an earthy 
texture and brownish black colour, here and 
there interspersed with irregular veins of a me- 
tallic lustre. One variety w^hich is commonly 
called, black w*ad is inferior in specific gravity to 
some or the lightest earthy compounds. All the 
varieties very readily stain the fingers. 

Prismatic Oxj/d of Manganese, 

Oxyd of Manganese . 92,75 . . 99,25 
Water 7 . . 0,50 



99,75 99,75 Klapr. 

Earthly Black Oxyd of Manganese. 

Oxyd of Manganese « • 08 
Oxyd of Iron .... 6fi^ 

Silex 8 

Water 17,50 




100,00 Klapr. 

The prismatic oxyd ©f manganese resembles sul- 



MANGANESE. 215 

phuret of antimony: the method of distinguishing 
them has been already given *. 

The ore called " black wad," when dried and 
mixed with one fourth its weight of linseed oil, in- 
flames spontaneously if gently heated : the effect is 
produced probably by the partial decomposition of 
the metallic oxyd ; its oxygen uniting with the oil, 
and, in consequence of the degree of heat present, oc- 
casioning combustion. 

Oxyd of manganese occurs abundantly in Somer- 
setshire, Devonshire, and Cornwall : it is very exten- 
sively used in bleaching linen &c. 

Ores of manganese may be distinguished from other 
niinerak by the purple colour which they communi- 
cate to borax when fused with it by means Of the 
blowpipe. 

White and Rose-coloured Ores of Manganese. 

Several substances have been met with of a com- 
pact stony texture, and of a white, or yellow, or pink 
colour ; in which a very considerable proportion of 
manganese exists : sometimes united in the state of 
simple oxyd with silex and oxyd of iron ; sometimes 
with carbonic acid. In their appearance they resem- 
ble a compact earthy variety of coloured quartz. 

They are sometimes called siliceous ores of man- 
ganese. 

 Vid. p. W2. 
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MOLYBDENA, 




This metal only occurs in two forms : in an acid 
state united with lead * ; and combined with sulphur. 

SULPHURET OF MoLTBDSVA. 

Its colour is a light leaden grey. 

Its structure is laminated ; and the laminae are flexible. 

Has an unctuous feel. 

Specific gravity 4,7S, 

Primitive form not ascertained ; but supposed to be 
a prism at right angles with its base, which is a 
parallelogram with angles of 120* and 60**. 

Molybdeiw .... 76 

Iron 1 

Sulphur $3 

100 Lampadiits. 

It occurs in granite and other primitive rocks ; ac- 
companied with tin and wolfram. 

It is very liable to be mistaken for plumbago : the 
distinctive marks between the two substances have 
been already given *• It is distinguished from mica- 
ceous iron by the black stain that it leaves on paper : 
from talc, by its opacity and metallic lustre. 

» Vid. p. 139. + Vid. p. 59. 
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CHROME. 



This metal, the name of which has been derived 
from the Qreek word xfoHiAotf " color," has been so 
called in consequence of the colour which it com* 
municaltes to: some of those substances into the com- 
position of which it enters. 

The emerald for instance owes its peculiar green 
colour to the presence of this metal in the state of an 
oxyd *. The spinell ruby derives its colour from the 
same metal in the state of an acid f : so also does 
that orange-red coloured mineral known by the name 
of ** red lead of Siberia J." 



 Vid. vol. i. p. 130. t Vid. vol. I. p. 144, 

t Vid. p. 145. 
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TELLURIUM. 



As the alchemists distinguisfied metallic sabstaRces 
by the same names that the ancients bad applied to 
the planets, the principle was extended in the present 
instance; and the metal tinder consideratioti was 
named by Klaproth from our own planet the earth, 
or^tellus." 

Tellurium has but recently been dtscorered; and^ 
as it was met with in some of the ores of Transilvanii^ 
it has sometimes been called Silvanite. 

In these ores it is united with gold, and iron, and 
other metals. From the white colour of the alloy 
in some of the variolies, it has been caUed ^^ white 
"gold :** and as at first there were great doubts respect^ 
ing the nature of the ore altogetlier, and the state ia 
which the gold existed in it ; or whetlier it was to be 
regarded as a chenucal constituent part ; it has also 
been called ** aurum problematiciim^" and ^' aurum 
" paradox urn." Klaproth calls this variety " native 
" tellurium." 

In other varieties the metallic part, consisting of 
compressed flat prismatic crystals, is so distributed as 
to exhibit a delineation resembling Turkish charac- 
ters : and hence the term ^^ aurum graphicum." 
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Native Tellurium from 
Faizbay, 

Tellurium . 92,55 



Jroo 
Cold 



7,20 
0,25 



^urum Oraphicum from 
Offenbanya. 



100,00 Klapr. 



TeQuriiim 
Gold . 
Silver 



60 
SO 
10 



^00 KlafTj. 



YcUqw mir\ferou$ Qre 
from Nagffog. 

Tellurium . 44,76 

Gold . . 26,75 

I^ead . • \9,50 

Silver . . 8,50 

'Sulphur . 0,50 



••»^"«"*" 



100,00 



Jt^riferouM f^afed Ore 
from ^0i(fgl^j> 



Jjesid • 
TeUuriutn 
Gold . 
Copper 
Silver . 
Sulphur 



I 



54 
32,2 

9 

1,3 
0,5 
3 

100,0 



The specific gravity of (he ore^ of tellurium varies 
from 5,72 to 8^91. Their colour is upon the whole 
intermediate between that of tin and of lead ; occa- 
sionally mixed with a bronze yellow. 

The matrix of some of the varieties partly consittf 
•f the rose cdoured siliceous ore of manganese *, 



• Tid.. p, %U. 
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URANIUM. 



So called by Klaproth, from the Greek word signi- 
fying heaven ; in ordfer to follow the custom, observed 
by the alchemists, of distinguishing the metals by the 
names of the heathen deities. 

> 

It only exists in the form of an oxyd, of which 
there are two varieties : one called ** pech-blende," 
or " pitch-blende^'' from its resemblance to. a variety 
of sulpburej; gf ^inc of the same name : the other 
" uran-glimmcr," or " micaceous uranite." 



PECH-BLENDE. 

Specific gravity varies from 6,3 to 75, 

It contains more than £ouv fifths of the met^l in 
a low state of oxydation. The substance of pech- 
bleode is for the most part compact; here and there 
indistinctly foliated in an undulating direction. It is 
often partially incrusted with a pulverulent form of 
the following variety of a greenish yellow colour. 
It is distinguished from blende and wolfram in not 
having the laminated structure of those minerals. 
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Micaceous Uranite. 

Micaceous uranite is of a yellowish grew colour. 
Specific gravity 3, 1 2. 

Primitive form, a prism at right angles with its base ; 
w hich is a square. 

In Cornwall it is frequently met with in the form 
of minute square plates in the interstices of an 
ochry stone. 

It is distinguished from mica by its want of elas- 
ticity; and by its Solubility in nitric acid : from mu- 
riate of copper, for which it has been mistaken, by 
not communicating a blue and green colour to the 
flame of a candle* 
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TITANIUM. 



The origin of the name of this metal may be in- 
ferred Arom what has been said respecting the names 
c( the two preceding. 

Native Oxyd of Titanium. 

Red short; and red shorl of Hungary. 

Titanite. 

Scratches glass ; and sometimes even quartz. 

Colour, a brownish or orange red ; with occasionally a 

degree of metallic lustre. 
It has very rarely any degree of transparency. 
Specific gravity 4,20. 
Primitive form, a prism at right angles with its base, 

which is a square* 
According to the analysis of Klaproth it is a pure 

oxyd of titanium. 

It is met with in granite and varieties of micaceous 
schistus ; also in opaque and transparent quartz : in 
the last instance the crystals of titanite are often re- 
markably distinct; and, being at the same time of a 
delicate prismatic form, and of a bright orange red 
colour, present a very beautiful appearance. Occa- 
sionally these prisms are so minute as to be scarcely 
visible. They are then commonly called " hairsborl.** 
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In some instanced, particularly where they occur 
in gneiss or iti opaque quartz, the crystals are half an 
inch or more in diameter ; and appear as if they had 
been violently bent after their formation, and some'* 
tim^s even broken transversely, and the two parts re- 
moved to a distance from each other ; the interstice 
in this case being filled up with the substance of the 

matrix. 

* 
Crystals of titanite are longitudinally channelled. 

Pulverized red titanite has been used as a colouring 

substance m the Sfevres porcelain. 

Octahedral Titanite. 

Octohedrite ; of Saussure. 

AnataseoiH^xi^ ) from the elongated shape of the 
two quadrilateral pyramids that constitute the 
common octohedral crystal of this substance. 
It scratches glass. 

It has only been met with in Dauphiny, in the 
form of very minute crystals of a bluish black colour 
and metallic lustre; accompanying the variety of 
felspar which was formerly called white shorl *. 

It may be mistaken for minutely crystallized blende ; 
but it is very considerably harder ; and does not emit 
that peculiar smell which blende does when thrown 
into an acid. 

* Vid. y«l. i. p. 158. 
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Menaehanite. 

So called from the valley of Menachan in Corn- 
wall, where this variety of titanium was first discovered 
by the Rev^ Wm- Gregor* 

It is slightly magnetic* 
Specific gravity 4,42. 

• Oxyd of Titanium . . . 45,0,5 

Magnetic Oxyd of Iron - 5 1 

Oxyd of Manganese . . 0,25 

Silex . 3,50 



100,00 Klapr. 

This variety, which scarcely differs in its appear- 
ance from black sand, has since been met with in 
America, and in New Holland. 
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TUNfiSTfiN. 



Thj£ litond mieani^ of tbis word is ^^ heavy 
'^ $toiie." The metal wa$ so called from the great 
q^ific gra¥ity of thi$ mineFa}, in which it was first dis^ 
covered. It is also called *^ sheelium ;" in Uooour 
of Scheele^ who first ascertained the real nature <^ this 
mioeraL 

It exists in t^9 niatural forms ; in one of whidi it 
IS combined w^th lime; in the other, with iron and 
mangai^e^ : the first is usually called ^^ tungsten ;'' 
the last, " woifram." 

Tungsten. 

It may be scratched easily by the point of a knife. 

It is commonly of a white or brownish white colour: 
if powdered and thrown into nitric acid it be- 
comes yellow. 

Specific gravity 6,06. 

Primitive form, the cube : it is also reducible to an oc- 
tohedron. 

Tungsten of Sweden. Tungiten of CornwatL 

Yellow Oxyd of Tungsten 65 . . 75,25 . 

lime 31 . . 18,70 

Silex ....... 4 . . 1,60 



100 Scheele. 95,50 Klapr. 
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The Cornish variety contained a small proportion of 
oxyd of iron, and of manganese. 

Many of the specimens of tungsten met with in 
cabinets come from Zinnwalde in Bohemia ; and are 
accompanied with mica crystallized in hexagonal 
plates, and with smoky quartz. Numerous minute 
crystals of tungsten sometimes incrust the surface of 
the latter substance. 

Tungsten is also met with in Cornwall ; and in Swe- 
den. It usually accompanies tin ore and %volfram. 

It was at first mistaken for a white variety of native 
oxyd of tin; frOm which it may be distinguished by 
the change of colour it undergoes when throvra into 
nitric acid. It is distinguished from carbonate of lead 
by not effervescing with an acid ; and in not being 
blackened by an alkaline sulphuret : from sulphate of 
baryt, by its greater specific gravity ; and by the yel- 
low colour it assumes when thrown inlo nitric acid. 

JFolfram. 

Spuma lupi ; of Wallerius : this is a literal transla- 
tion of wolfram. 

It easily yields to the file. 

Colour, brownish black ; with a degree of metallic 
splendour that is more apparent in some direc- 
tions than in others. 

Structure laminated. 

Specific gravity 7,33. 

Primitive forni; a right angled parallelepiped. 



TUNGSTEN. S27 

Acid of Tungsten • • . 67 

Oxydoflron . . • . 18 

' — Manganese . . 6,^5 

Silex 1,50 



92,75 Fauq,. 

This substance was originally mistaken for anti- 
mony, which by the alchemists was called the wolf; 
probably because it acted violently upon, and as it 
were devoured the base metals, in the process of refin- 
ing gold : hence arose the term spuma lupi, the word 
ratUj which signifies " spuma," being applied com- 
monly by the Germans to substances of a laminated 
structure. 

Wolfram usually occurs in tin-mines. 

It has been mistaken for native oxyd of tin, and for 
specular iron : but its splendour is more decidedly 
metallic than the former ; and less so, than the latter. 
When pulverized it is of a blackish violet colour; 
oxyd of tin is of a greyish white. 

It is specifically heavier than specular iron in the 
proportion of seven to five. 
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EARTHY SUBSTANCES. 



ROCKS. 



Granite. 

This term appears to have been originally derived 
from the granular texture of the substance to which 
it was applied ; and judging from some specimens 
called antique gr^te, that were brought from Rome 
and are in the Oxford collection, was perhaps some- 
times applied to varieties of syenite and griinstein, or 
green-stone. 

A well defined granite, according to the present 
acceptation of the term, consists of quartz, mica, and 
felspar ; which are all distinct from one another : the 
addition of hornblende, tourmaline, or garnet, is not 
understood to alter the genus of the stone ; but only 
to constitute a specific difference. The proportions 
of these constituent parts vary exceedingly; but the 
felspar is upon the whole most abundant, and from 
this in general is derived the predominating colour of 
granite. According to Saussure the proportion of 
felspar in Mont Blanc, and the neighbouring rocks^ is 

VOL. II. A 
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nearly three fourths : the same rocks scarcely contain 
any mica ; the place of which is supplied by hom*r 
blende or steatite ; and he reasons from the height; 
of these mountains, which he supposes to have been 
elevated by subterraneous force from a great depth 
beneath the surface, that deeply situated granite io 
general contains very little mica; strengthening his 
conclusion by the fact that those fragments of granite 
which are thrown out from volcanoes, and which may 
be supposed to have come from a great dfspth, pontaia 
very little mica. 

Sometimes the constituent parts of granite £|.re yiery 
distinctly crystallized, particularly the felspar. This 
is the case in the granite with which the foot-path of 
Westminster bridge is paved ; which came, according 
to Mr. Smep.ton, from Llanlivery, n^ar Fowey in 
Cornwall. At other times the crystallization is ex- 
tremely indistinct; so that it is very difKcult to ascer- 
tain the real nature of the rock, from its close resem- 
blance to some varieties of the stone which in Scot- 
land is called rvhin. Whoever has travelled in tljose 
parts of Scotland which abound with granite and 
whin, and has directed his observation to this fact, 
pfius)t have had frequent opportunities of verifying it ; 
and, partly in consequence of this great similarity. 
Dr. Hutton supposes that granite like whin has onqe 
been in a stat^ of igneous fusion; and that having 
been forced up fjpm the deeply seated mineral regions, 
it has elevated the strata at the same time. Mr, 
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Play fair, from whom the foregoing observation is 
taken, adds justly, as it appears, that granite has evi^* 
dently undergone a change from a fluid to a solid 
state ; as is evinced from the crystallized structure in 
which some of its component parts are usually found : 
and Mr- Gregory Watt has rendered it highly pro- 
bable by the results of his experiments on basalt &c., 
an account of which is contained in the Philosophical 
Transactions for 1 804, that this fluid state was the 
consequence of simple heat. He at least has done 
away one strong argument against the supposition, by 
shewing that in masses which have been vitrified and 
eooled slowly, crystallization actually goes on after the 
mass itself has been consolidated : for as from tlie 
mutual impression of the crystallized parts it appeared 
that in some instances the least fusible were last 
crystallized, it seemed impossible that this crystalliza- 
tion could have taken place from a state of igneous 
fusion. 

There is a variety of granite called graphiquCj in 
consequence of its polished surface presenting an .ap- 
pearance not unlike oriental written characters : this 
appearance is occasioned by the outlines of the 
crystallized quartz, which is comparatively of a dark 
colour, intermixed with opaque felspar of a light 
cream colour. 

According both to Mr. Kirwan and Dr. Hutton 
granite is almost universally the basis on which other 
rocks^ primitive as well as secondary, rest. It rarely 
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contains metallic oainerals ; but of these priocipaftjr 
tin and some varieties of iron ore. 

Though extremely hard it is c^Mibto of b&ag 
worked with U^rable accuracy by means of picktf 
and wedges : and, according to Mr. Smeatoa^ tba 
harder it is the more accurately it can be worked. 

Gneiss. 

Gneiss is, like grailite, essentially composed of 
<|uartz, felspar, and mica; but its structure ia rst 
tiie mass schistose, the several laminse being, sep*;^ 
rated from each other by thin strata of scaks^ ok 
plates of mica : from the joiot consideralicm c»f ita 
composition and structure it is oeeasionflAy caUed 
schistose granite, and granitic schistus. The stone 
of which Mr. Smeaton built the Edystoner loghtrhcittse 
appears by bis description* to bailee been a speoiea oS 
gneiss having a degnee of dasticity. 

« 

Gneiss appears to be the most ancient rock afisr 
granite, being generally placed immediately over it : 
and, according to Mr. Kirwan, where gndsa is eaa^ 
tiguous to granite its quartz and felspar are mone^apr* 
parent; and the micaceous part less predominant^ 
where more distant from granite,, the oontneyry hap^ 
pens. 

Of all rocks gneiss is the most metaUiferoua;i and 
almost every metal has been fbuud; in this ntaltix. 
The mines of Saxony and Boiiemia^ and die: silarer 
mines of Konigsberg in Norway, are inigneiss. 
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6«iiitto tM vety often fotxtfd in gtieisfs ; atid scrfn^- 
tini€» » very great quantity. 

MkaeeGUs SchiHm* 

Qoinrtx ftsd imea are fbe ei^midtly conistititefni 
pMts of tbia Foclb ; tlie miett geitei^a^Hy ^<edoMitotififg 
c9on»iderably. The schislose characcei^ of ttii^ is hiu^tiFf 
moire nsmai^kaiMe tfaticA that ef gneiss' : but ^ onfier 
graduates mto the ether almost imp^rcepfifely. The' 
ianttiitte are softietimes remaa^kably conto^'ted; as- if 
seme Ibtee ba^ b^e^ a.pf>lied fo theiH when ih< jx s<^ 
stale. 

Misa«ou» schntus' ^eses^ kis^isibly into the dtate 
ki^ whidi it is ealled ro^ing-tlMe^.' 

The name of this stf bsCaAQie Wals pr(^{>^ly derived 
froitt tfaep\iii:ple i^' dolour of tha^vairiety so coton^btliy 
met with in Egypt, between the Nile and the red 
Sea. " Rubet Porphyri45Bs itt eadem iEgypto ; candi- 
** dis intervenientibus punctis t." The Leucostictos 
of Pliny is perhaps the same ; for so it might be 
called from the white specks disseminated* through 
4ts substance : these specks are crystals of fel&par, 
though not ofterf accurately defined. The Syenites 
and Pyro-hopaecilon of the same author seem also t» 
be the red porphyry of Egypt : the first name is- de^ 

« Yid. vol. i. p. 1S71 t Plitfi Nafti Hist. lib. zxxtL 
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rived from Syene; the last from its red colour and spot- 
ted and variegated appearance. ^^ Syenites quem ante* 
" Pyrrhopcecilon vocabant. Trabes ex eo fecere reges, 
*' obeliscos vocantes*/* Incompletely quarried obe- 
lisks are still to be seen in those rocks which are si- 
tuated between the Nile and the red Sea. At pre« 
sent the term porphyry is applied to any stone of 
a compact argillaceous or siliceous ground containing 
crystals, or fragments of crystals, of felspar. 

Some of the remains of ancient sculpture are a 
porphyry having a very dark green base, with crys- 
tallized felspar of a greenish white colour : this is 
probably the Saxum Thebanum and Ophites of the 
ancients. No statues of this are remaining; and 
only a few columns. 

Porphyry is rarely if ever metalliferous. 

This is one of the rocks which Dr.'Hutton sup- 
poses to have been once in a state of igneous fusion. 

Basalt. 

The origin of this term is dubious ; and its appli- 
cation is by no means well defined. The word oc- 
curs in Pliny, with a description ap[)licable to many 
substances called basalt at the present day. " In- 
♦* venit eadem ^Egyptus in Ethiopia quem vocant 
•* Basaltem, ferrei coloris atque duritiae. Nunquam 

hie major repertus est quam in temple Pacis ; ab 

* PliD. f^at. Hist. Ub. joxfu 
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^* Impcratore Vespasiano Augusto dicatus *.** He 
afterwards says that the statue of Memnon which 
sounded when struck by the rays of the rising sun 
was of a species of basalt not unlike that in the temple 
of Peaxre. It appears from Winkelman that basalt 
was much employed in ancient Egyptian sculpture. 

Dolomieu observes with respect to basalt, that many 
substances of a different nature so much resemble each 
other in analysis as well as appearance, that it is dif- 
ficult to fix the application of the name to any one. 

The same observation holds with respect to the 
whinstone of Scotland. 

It will be convenient therefore to consider basalt 
and whin-stone as synonymous ; and to give a sepa- 
rate description of various substances that have been 
considered as subordinate to these ; or, where the 
substances themselves cannot be ascertained, an ex- 
planation of their names. 

Basalt J of the Giants' Causeway and of Staff a, S^c. 

Those natural columns which form the giants' cause- 
way in Ireland, and Fingal's cave in the isle of Staffa, 
together with the rock on which Edinburgh castle 
stands, and part of the hill, in the suburbs of that city, 
called Arthur's seat, are all a very compact variety of 
that class of rocks called basaltic. 

* Nat. Hist lib. xxxtI. 
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The specific gravity of this b«0alt; is iLbotit 2,8. 
Jti^ soporous when struck. 
lifis A remarkable degree of teoaoity. 
Often affects the magnetic needle, 
Jt is easily fusible in tlie heat of a common forge, 
into an opaque compact black glass. 



Basalt of Staff a, 

Silex • . 48 

Alumine • • 16 
Lime . . 9 
Iron ia a low") 
state ofoxy- > l6 
dMi^n • • J 

Soda « * . 4 

Water, apd VQ- 1 ^ 

latile iQatter J 



99 Kennedy. 



Columnar Basali of Bohemiam 

Silex • . • 449^0 
Alumine • . 16,75 
Lime . . 9>50 
Magnesia . £,25 
Iron in a Iow'\ 

state of oxy^ V M 

dttion . *j 
Soda . . . 9,60 
Water 9nd vo- ) 

latile matter y 



97,60 Klapr. 



An analysis of a similar kind of ha3alt by Bergman 
gave the foUowing results : 



Silex • • . , 


. 50 


Alumine • . . 


15 


Lime . . • . 


8 


• Magnesia • • < 


2 


Oxyd of Iron . i 


. 25 



100 
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M tbe presence of an alkali m a ccKiimoii mineral 
wb&t^nce was not ev^n suspected in the tkne of 
B^r^an;aiui lus tfie means of analysis were not 
nearly so perfi^t as at the {present day ; it is no won* 
4^r t^at a small proportion of such a constituent part 
dhoqld have escaped him. 

Besides the mineral alkali or soda MM/ Vauqueiin 
m^ Klaprotl) have lately discovered in basalt a 
small proportion of carboii. 

The basalt of the giants' causeway, &c. is upon the 
whole of a close earthy texture; and of a dark grey 
colour nearly inclining to l^iack. It often contains 
minute prismatic crystals of hornblende^ which are 
easily recognized by the lustre of their surfaces : oc- 
casionally these crystals bear a considerable proper* 
tion to the whole volume of the rock ; and in some 
iiiatances are even in a much greater proportion than 
the basalt itselfl By an incre^ise in the propor*- 
tion of 'tl)e crystallized part, basalt of this kind passes 
into the state of sparry or schistose hornblende; 
which in the earlier systems of mineralogy is usually 
denominated ^^ Shorl €« ma^se^' in opposition to the 
distin^ly cryi^tallized forms ; hornblende having often 
been called shorL 

The fusibility of basalt depends upon the great 
proportion of oxyd of iron contained in it ; and as 
the iron is but slightly oxydated, and consequent^ 
ly not far removed from the metallic state, it often 
very sensibly affects the magnetic needle. In the 

VOL, II. B  
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isle of Cannayy one of the Hebrides, a variety of 
basalt occurs that affects the magaedc needle to such* 
an extent as to have given rise to the term compass 
rock, by which it b usually distinguished. 

Basalt of this kind often undergoes a superficial 
alteration of colour in consequence of the further 
oxydation of the iron contained in it ; changing to a 
brown with often a slight tinge of green : the latter^ 
shade of colour depends probably upon the horn* 
Uende; which, though it commonly appears of a 
black colour when in a compact form, has almost al« 
ways a shade of green that becomes perce|)tible 
when its substance is reduced to powder. Mr. Kir* 
wan has applied the term ferrilite to basalt of thi^ 
kind. This change of colour often extends into thei 
substance of the basalt, and in some instances per- 
vades the whole. Where this happens, it is fre- 
quently accompanied by a disintegration of the tex- 
ture of the basalt : and by some this effect is attri- 
buted to the altered state of the iron ; by others, to 
the felspar whieh they consider as a constituent part 
of all basalt The disintegration occasionally takes 
place in such a manner aa to leave numerous spheri- 
cal masses, which have the appearance of being 
loosely imbedded in the mouldering substance that sur- 
rounds them. These balls often resist the further 
progress of disintegration; and have occasionally 
been supposed to be of volcanic origin ; and to have 
been ejected from the baaaltic rocks where they oc- 
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CUr, which are in that case supposed to be them- 
selves the lava of an extinct volcano: and hen€e 
the term pseudo-volcano* That all basalt has been 
in a state of igneous fusion is highly probable: 
and it appears also probable from the experiments 
pf Mr. Gregory Watt, that the basalt in cooling 
crystallized in a confused manner round numerous 
central points within its substance : that the crystal- 
lization radiating from these central points in all di- 
rections produced numerous spherical masses; the 
process of crystallization stopping as soon as the radii 
of two adjoining erystalline centres had extended suf- 
ificientiy to come into contact with each other* But 
a3 he observed also that these radii did not proceed 
independendy of each other, but advanced periodically 
hy regular steps to points equidistant from the centre ; 
thus forming a radiated and at the same time a con- 
centric structure : he conceives that the disintegration 
4>f basalt of this kind, proceeding in an inverted or- 
der, from the circumference that is towards the 
centre, would give rise to the production of those 
spherical masses: and this opinion is confirmed by 
the evident appearance of a concentric disintegration 
that occasionally takes place. Stirling castle stands 
on a basaltic rock remarkably disposed to undergo the 
disintegration above described. 

The low degree of heat at which basalt melts was 
once made the ground of an argument against that 
part of Dr. Hutton's theory which supposes that this 
substance was consolidated from a state of igneous fu- 
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«on : for it wts argued that in this case foatntk ivouM 
in tts characters iiave resembled the btftck glass mw 
whkh fay heat it may easily be converted : but the 
force of this argument has been coiDipleicly sDd>verte^ 
by the nssaits of the experhnents of Sir Jaaves HalL 
By these^ now perliaps txK> gettfirally knoan to require 
a particular description, k has been piOTed^ tiiat «C tbe 
same mass of basalt reduced to a utiiform ^asa, 
«iy part will retain the vitreous tfiamcter if cookeA 
rapidly; and any part if cooled very slowly wili 
resume % texture and •p{>earaace so nearty re- 
i{eft>Uii^ the origami rock from which it was dtetadh- 
^ that even an experienced eye shall scarcely be able 
to detect a dififerecice. Certainfly there will be no 
greater difference than might be found between two 
poitions taken from diSensnt parts of '^e same rock. 

Nor is the probabilky of the opinion weakened by 
the fact that basalt sometimes contains cavities ^l&tA 
with water; as is the case i^ tlie interior of the no- 
dule of calcedony met with in the decaying basalt of 
Vicente ; smce, as Sir Jatties Hall has very sa^iis^foc- 
torily proved that limestone may be fiised, without the 
escape of the carbonic acid or £xed air contaioed ih 
it, in consequexice of the application of heat actkig 
itmder a great degree of compression ; and that other 
volatile substances may be prevented from escaping^ 
bIso ; there can be no dtfficc^y in supposing that un- 
der the same circumstances the volatility cf w^er 
may be restrained : especially as it is a &ct i^iKar 
to every otie, itoit the increased poresstire of itke ttt- 




APPENDIX. 1^ 

ttosphcrc, or pressure in any other -form, applied to 
the surface of water, retards the process of evapo^ 
ration. 

In many instances compact basalt is separated 
into numerous distinct bat irregnlarly shaped co- 
lumns, oonsisling of from three to nine sides. A 
-shnilar appearance is observaMe in a mass x)f clay or 
•slatch that has beai gradually dried ; and in the in- 
terior of a mass of block tin i often also in common 
sandstone that has been exposed to a -sufficient de- 
-gree of heat. So tbaO: the simpte appearanoe is exp(K- 
t^able on the prhrciples either of the Neptunian or 
Phitonian theory. 

The two most strilcing instances t)f this columnar 
ammgemetrt are the giartts' causeway in Ireland, and 
Rngal's cave in the isle of StafFa. The columns of 
ihe giant!^' causeway rarely consist nf more than six 
^ides, and are sometimes separated by veins of red 
•ochre, tvhich in mrch a situation miglit be caHed 
Irthomarga'^ : 'th? cohimns of Staffa often have eiglft 
or nine sides. The separate columns of' both places 
lire disposed to separate ti-ansversely so as to form a 
Hiat concave and flat cmivex smrface exactly corre- 
aponding with each otlier : and these transverse "frac- 
tures som^imes occur so frequently in the same co- 
1tnnn, ihat the cfetance i^ween two of ihern in 
many instances ^oes n:ot equal the diameter of the 
cblunm. 

»Tia. vol. i. p.'ITT. 
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The diameter of these basaltic columns varies 
from three inches to three feet 

In the general appearance of a mass of columnar 
basalt there is great regularity ; but the regularity of 
form in these instances is very different from the ef-- 
fect of crystallization, the measure of no%ngle being 
fixed* Hence it seems that the effect is to be 
ascribed merely to tlie mutual separation occasioned 
by the contraction of the mass. 

Basaltic hills are very common in the south of 
Scotland ; and rise up abruptly in the midst of a 
country, the base of which is entirely of a different 
nature : these hills give a remarkable character to the 
country round Edinburgh and Glasgow. 

Basalt or whin beingmuch harder than the sand^ 
stone through which it rise?, is not so easily worn : 
and hence, as in the beds of rivers, it oflen stands 
up above the level of the surrounding sandstone after 
the manner of a dyke or wall. From this appearance 
has arisen the term IVhin-dykey which is very com- 
mon in Scotland. 

Basalt is never metalliferous : and in the mining 
district of Derbyshire, which consists of alternate 
strata of secondary limestone and varieties of amyg- 
daloid or toad-stone, the metallic vein constantly fails 
at the point where it meets tlie toad-stone ; but con- 
tinues its direction in the stratum of limestone lying 
immediately above the toad-stone. If, as Dr. Hutton 
supposes^ the toad-stone has been injected m a state 



APPENDIX. 15 

of igneous fusion between the strata of the sandstone, 
the appearance is so far what we should expect : but 
it is generally said^ that though the vein fails with 
respect to its metallic contents, it does not altogether 
fail ; but pursues its course, and may be traced, with- 
out contaid^ any metallic ore. If this is really the 
case, it is an appearance that few would attempt to 
explain. 

According to Brogniart a similar failure of the ore^i 
imaiediately that the vein comes into contact Mith 
basalt, has been observed in other instances besides 
that of Derbyshire. 

In consequence of its easy fusibility basalt is some- 
times used for making coarse glass vessels ; and as fi 
flux for iron ores. 

Owing to the low state of oxydation of the iron 
contained in them, some basalts may be used as a 
substitute for puzzolana, in the composition of cements 
that are to be used under water. 

Ferrilite. 
Specific gravity 2,86. 

Silex . . . 47,5 
Aluniine • • 32,5 
Oxyd of Iron 20 



100,0 Dr. Withering. 

This term has been applied by Mr. Kirwan to a varie- 
ty of basalt commonly known by the name of Rowley 
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ragg; vrhich is ckbor a conrapdmi of SLawAty nfft, 
the name of ^ place near winch it is focmd ; or is 
given to it in common with manj otfusr sdtttBsces 
which by the common people are called r^gg-stauosu 

The foHowing account of it ia taken ^ from Mr. 
Gregory Watt s paper in the Philosophical Transac- 
tion* for 1 804. 

He says it is met with in the south-west part of 
Staffordshire : that it is easily fiiable ; of an iron 
grey cdioor approaciiing to black ; and that it reflects 
hght from a number of brilliant spots or strise, soum 
of which seem to be felspar ; others, hombleBde. 

Judgmg from its colour and its alteratson by expo- 
sore, the iron, he thinks, is in a low state of oxydation : 
which is also confirmed by the magnetic property of 
the moimtains from whence it comes ; whtch^ accord- 
ing to Dr. Plot's obserrationfl, turned the needle six 
d^ees from its proper dii*ectioo* 

Mn Watt made numerous experiments upon 
this substance, corresponding with those which had 
been previously made by Sir James Hall on the dif- 
ferent effect^ produced by the rapid or slow cootmg 
of vitrified whin or basalt; directing his attention 
principally to the crystallization that took place in the 
interior. By withdrawing the heat very gradually 
from the vitrified mass, he found that the hornblende 
became as distinctly crystallized as in the natural sub- 
stance ; some times, even more so. And he ascer- 
tained many very important points as to ^e nature 



\ 



APPENDIX. 17 

and process of that crystallization which took place ii> 
this mineral substance during its consolidation from 
igneous fusion ; which seem to warrant the following 
conclusions. 

First, that in the order of crystallization of com- 
pound minerals it does not necessarily follow that a 
substance must crystallize as soon as it is cooled 
down to the point where crystallization usually begins 
to take place ; for if its molecules be separated by 
another substance that is in much greater abundance/ 
this latter may crystallize first ; when, if the propor- 
tions were reversed, or even made equals it would 
crystallize last. - ' 

Again, that in general tlie ingredient which is most, 
abundant is the first to crystallize ; and felspar there- 
fore which is much more fusible than quartz may ac- 
cording to this law crystallize, or in other words be- 
come solid, while the quartz still remains fluid : the 
consequence of which will be that the most fusible of 
two substances may be impressed by the least fusible ; 
an assumption which till the discovery of the law 
above mentioned appeared to involve a physical im- 
possibility. 

And lastly, that the process of crystallization con- 
tinues to proceed after the consolidation of the entire 
mass ; a fact apparently as extraordinary as the fore- 
going, but which is satisfactorily illustrated by the al- 
teration that takes place in glass which has been con^^ 
verted into what is called Reaumur's porcelain : during 
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ivbiGh process the original texture c^ the ghiss be- 
comes perfectiy fibrous^ although it is cleai from its 
form remaining unaltered that it cannot hare been in 
fusion. 

Trapp. 

This is a variety of a class of rocks tliat have com- 
monly been denominated basaltic. Walleriiis has 
named it Corneas trapezius ; partly from that homy 
toughness which belongs to it in common with several 
other minerals called homstones ; and partly from its 
natural disposition to separate into trapezoidal or 
irregularly four-sided figures, somewhat resembling 
steps or stairs ; the Swedish word trapp signifying a 
step or stair. Wallerius observes that he should 
have been inclined to call it Comeus scalaris^ but for 
the coincidence between the terms trapp and trape- 
zius as applicable to the form which its fragments are 
disponed to assume. 

Clmk-stane. 

When struck by a hammer it sounds like a piece 
of metal ; and hence its name. 

It has been found in contact with, but lying above, 
basalt ; with which it corresponds as to the nature of 
its constituent parts : but the proportion of oxyd of 
iron is much less, and the proportion of soda much 
xnore than it is in basalt. 

It is easily fusible into nearly a colourless glass. 
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Amtfgdahid. 

Mandelatein, or Almond-stone : from itd appteTMce 

already described *. 
ihadstom, of Derbyshire. 

Sp. gr. 9,,$. 

Silex flS 

Alumtite ...••. 14 

Curbonate of Linl9 . . • 7 

Oxyd of Iron • • . « • 16 

100 Dr. Withering. 

Dolotnieu calls the base of this rock a variety of 
bomstone (rocke de cotne); and the nature of this 
base ifi in some measure explained by his applied-* 
tion of the term roche de corne to a compact dark 
grey basalt It appears to be the 'wacke of Wer» 
Iter ; the wacken^ kr^g^ trapy and muUen of Kir- 
wan. 

. Its principal fe&teraal .character is derived from the 
irregularly rounded Or elliptic nodules of ealcedonyi 
agate, earthy ddoritei zeolite^ &c. which are con- 
tained in it 

According to Dolomieu amygdaloids may 19^ dis- 
^tinguished from lavas that contain rounded nodules 

 Vid . Tol. i. p. 24«. 
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of calcareous spar by the following mark : in lava the 
calcareous spar is radiated; in almond-stones it is 
laminated. Mr. Playfair however says that lavas^ 
known to be such, never contain calcareous spar. 

When these nodules have been removed, which 
happens by the process of decomposition, there is 
often a great diiBciilty in distinguishing between lava 
and this variety of basalt 

The term toadstone is particularly applicable to 
those varieties of amygdaloid in . which the nodules 
are small and numet ous; «nd their colour variegated. 

Sienite. 

Granitelk ; of Saussure. 

According to Saussure M. Werner now applies 
the term sienite to a mhcture of felspar and 
dark green hornblende, or mica. According to Mr. 
Kirwan he first gave the name of griinstcin to aii ag- 
gregate rock consisting of quartz, hornblende, felspar ; 

or, of quartz, hornblende, felspar, and mica : lie af- 

.... 

terwards called these aggregate rocks by the name of 
Sienite (Syenite more properly) ; that term having 
already been used by Pliny to denominate a similar 
substance. 
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Orunstein or Green-stone. 

M . Werner applies this term to a compound of 
compact felspar and dark green hornblende ; the name 
having been probably derived from the prevailing co- 
lour of the hornblende. 

Dolomieu observed that the basalt of Egypt passed 
H)&ensibly into the state of green-stone ; and frequent 
instances of the same kind occur with respect to the 
basalt of Scotland. 

The green colour of this stone is probably owing to 
cxyd of iron. 

PebbU'Stone. 

This term is applicable to a numerous class of 
rocks^ &c.; consisting of pebbles of various sizes and 
colours; which are irregularly connected together, 
either with or without an intermediate substance: 
and it is presumed that the cemented particles are 
pebbles, or have ' acquired their rounded form by at- 
trition, from their uniform smoothness. 
- One of the most striking varieties of pebble-stone ve- 
ry commonly occurs scattered in large masses over the 
vale of Berkshire : it consists of numerous oval peb- 
bles of reddish black flint, very much . resembling 
raisins when swelled by boiling, cemented together 
by means of indurated sand of a brownish white co^ 
lour. The whole appearance of the mass has givea 
rise to the term plumb-pudding stone in ttiis country ;> 
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and the resemblance that gave rise to the term is so 
temarkabie, that it caonot fail to strike the iriml upon 
the first view. The term has been very generally adopts 
ed by foreign mineralogists ; who, however^ commonly 
call it simply pudding-stone, or English pudding* 
Stone (poudinge^ of Brochant ; paudding AnglaUi of 
Haiiy). Foreigners also seem to apply the name to 
varieties of pebble-stone in general. In the peb- 
ble-stone of Berkshire the cementing substance is 
often so highly indurated, and so firmly adheres to the 
pebbles, tliat upon the application of a sufficient de« 
gree of force tlie fracture of the stone is carried on 
indifferently through the pebbles as well as tlie ce* 
ment : in some instances tlie fracture takes place in 
such a manner as to leave some of the pebbles half 
imbedded in the stone, and half projecting from the 
broken surface ; which probably depends^ either upon 
a considerable difierence in the hardness of the peb- 
bles, and the cement at those parts ; or upon a slitter 
adhesion than usual between the two. 

In some instances the cemented particles are an^* 
gular fragments of pebbles. Both varieties, when 
the cement is sufficiently hai^d and compact, are ca- 
pable of a very beautiful polish. 

With respect to pebble^stones in general, their ap- 
pearance is as various as can possibly result firom a 
variety in the colour, form, size, and degree, and mode | 
of union, of their component parts. The hardest | 
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etet met with oedurs in rolled fragments in the bed of 
the Edke near Rosslyn castle : it consists of numerous 
differently coloured particles, some resembling red 
jasper, very compactly aggregated without any inter- 
mediate substance. 

In some instances the particles of pebble stone are 
all of milk white quartz. 

Occasionally the aggregation is so indistinctly mark- 
ed, that it is difficult to determine whether the sub- 

« 

stance is really a pebble-stone, or owes its appear- 
ance to the irregular alteration in colour, &c. of an 
originally homogeneous rock. In some varieties the 
component parts are so loosely aggregated, or cement- 
ed, that they readily crumble upon the application of 
a slight force. 

Rocks of this genus, being often found interposed 
between primitive and secondary strata, have been 
called by Mr. Kirwan semiprotolites: this relative 
situation was particularly observed by Saussure in the 
Alps. Brochant says that the same remark may be 
'made with respect to the compound rock, called 
grauwacke by the miners of the Hartz : this rock is 
remarkably metalliferous, and is the matrix of the sil- 
ver and lead ore of the Hartz; and of the gold of Tran- 
silvania. Its name literally signifies grey wacke ; but 
the term is erroneously applied, because this rock is 
not a variety of that which is called wacke by th« 
Germans ; which is a species of basalt 
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Gmuwacke, according to Brocbant *, is a kind c^ 
pebble-stone consisting of particles of quartz, and si* 
liceous schistiiSy which are sometimes as large as a 
Dut, cemented by a substance of an argillaceous na* 
lure. 

Sandstones. 

Sandstone, often also called grit-stone, or simply 
grit, is to pebble-stone what sand is to gravel or peb- 
bles ; and is an aggregation of minute siliceous parti- 
cles : these are sometimes cemented by an interme- 
diate substance ; principally of an argillaceous or si- 
liceous nature : and hence the terms siliceous and ar- 
gillaceous grit. It occurs very commonly in the 
northern part of England in regular strata : in the 
southern part, chiefly in the form of irregular masses 
imbedded in sand, &c. 

In those parts of Derbyshire where coal is found, 
there are two different strata of sandstone. One of 
these consists of a large grained sand of a very faint 
flesh colour, apparently cemented by minute parti- 
cles of an opaque milk white substance, somewhat 
resembling earthy felspar : the compound would not 
be unlike some varieties of the white granite of Corn- 
wall, provided the proportion of that opaque white 
substance were greater. Tlie other sandstone of 
Derbyshire is cemented by argillaceous particles : it 
is of a much smaller grain than the preceding. 

* Tom. ii. p. 588. 
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The sandstone of which Windsor castle is built 
consists of minute grains of quartz simply aggregated. 
It is found in the form of very large irregularly 
pebble-shaped masses, imbedded in sand or clay in 
different pdrts of Oxfordshire and Berkshire. The 
neighbourhood of Godstone in Sussex affords numer- 
ous maises of stone of this kind : and that place is 
said to have derived its name from the frequent use 
of this stone in the construction of churches and reli- 
gious houses. 

Those very large stones that compose the outer 
circle of Stonehenge are a sandstone of this nature ; 
which is in some places very hard and compact; 
io others, remarkably friable. 

The sandstone of Worcestershire and of the mid- 
land counties of England is of a loose texture, and 
of a red colour. Owing to the looseness of its tex- 
ture it is easily disintegrated ; and hence the sandy 
smt that is met with in the neighbourhood of Om- 
bersley, Halesowen, and many other parts of 
Worcestershire, Shropshire, &c. This sandstone is 
the base of the green glass made at Stourbridge ; the 
iron, contained in it, imparting the green colour. In 
many instances it passes into the state of a loosely 
^^^^ted pudding stone. 

The Sandstone of the northern part of England 
amf of the south of Scotland is hard, and <Jf a broad 
schistose structure. In the neighbourhood of Newcas- 

VOL. II. D 
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tie it is employed for making those circular grindstones 
so common in all parts of this country. The flags 
with which the footway of the streets in London are 
paved are of this sandstone ; of which there is a very 
productive quarry in the neighbourhood of Edin- 
burgh. That quarry is remarkable for aflfordihg a 
very good illustration of the nature of a stratified 
rock; the seams, or separations of the diiferent 
strata, being very obvious. 

Many sandstones contain minute particles of tnicaii 
irregularly disseminated through their substance; or 
deposited in more than usual abundance between the 
laminae. Where the proportion of the mica is consi- 
derable, it gives rise to the term micaceous sandstone. 
Many of the mountains of Breconshire and Rad- 
norshire are a i)rownish red micaceous sandstone; 
the colour owing to the presence of an ochry clay. 
The disintegration of them seems to have produced 
that red clay so common in those and the neighbour- 
ing counties. 

A Lard compact sandstone containing turbinated 
shells occurs in Devonshire, which is employed to a 
great extent in making the common hand whetstone 
used for sharpening scythes. , 

Sandstones which yield readily to the chisel, and 
bence called siliceous free-stones, are used in mason- 
ry. If sufficiently porous they are employed in mak* 
ing filtering stones. 
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The rock on ^^hich Nottingham castle stands is a 
loosely aggregated sandstone, containing numerous 
small siHceous pebbles. Similar but larger pebbles 
are met with, though not so frequently, in the sand- 
stone near Perth. . 

Sandstone occurs very commonly in the neighbour- 
hood of coal ; and, in such situations, frequently con- 
tains vegetable impressions. 

The sandstone met with at Fontainbleau, which is 
used for paving tlie streets of Paris, is remarkable 
for containing groups of rhombpidal crystals. They 
are found in cavities of the sandstone, and are sup- 
posed to have been formed by the infiltration of par- 
ticles of calcareous carbonate into the substance of 
it. It is a very carious circumstance that though 
the form of these crystals is that of one of the va- 
rieties of crystallized carbonate of lime, and is cer- 
tainly owing to the presence of calcareous matter ; 
yet the proportion of this is not more than one 
third. 

There is a substance met with near Villa-ricca 
in Brasil, usually called elastic quB.vtz: it does not 
differ much in appearance from a fine grained sand- 
stone ; but contains numerous flat shining particles 
somewhat resembling mica. Its elasticity seems to 
depend upon the mutual support which these particles 
jtflTord each other. 

According to Klaproth its analysis gave the fol- 
lowing results : * 
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Silex 96»3 

Alumine 2,5 

Ox>d of Iron . • . 0,5 



99,5 

Siliceous Pebbles. 

It has already been said that the form of pebbles 
in general is owing to the mutual attrition produced 
by the action of water. This action is recognized in 
the following lines of Theocritus : 

^Es'cco'ocyj fivTB ifSTpoi o^Qorr^xoif ovss KuKiviu)y 
XeifjLuppovg TTOTafios jMsyoshoct^ Trs^ts^etn X/mi^*. 

It appears from the observations and writings of 
mineralogists, that numerous pebbles of a siliceous 
nature are met with in almost every part of the ha- 
bitable world. 

Their characters are various ; and in Siome measure 
depend on. the nature of the rocks and mountains of 
tb6 uQigbbourhood : many however appear to have 
been brought to th^ir present situation from a very 
great distance ; and some are scarcely referable to 
any qxistuig stratum. 

S^ussure in speaking of the beds of gravel near tlie 
Uke of Geneva, says, that they consist of an innu. 
merable variety of pebbles Sec. 

• Id. x/9'. liii. 48—50. 
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Tbey f^re met with of all ditnenswns ; from nmsses 
the qubic ccxqt^nts of which sre several feet, to ^aidt 
Dot larger than a millet aeed : and, were the term ap<- 
pUcable to a substaiice conskting of particles so 
emails the finest saod of die sea-shore mi^t be classed 
i;inder tb^ b^d of Qiliceous pebbles ; since the sanne 
i;ause hf^ g^ven rise to the fbrm of botl), aiul tbek 
ch&moai oature is almost exactly the same. 

The larger masses are in many parts of Fxi^is^d 
called bwlcUr stones, a name expressive of the caase 
of tbar rounded form : the teriu pebbk is in comoaon 
language applied to those which are smaller thm» tlie 
foregoing, but too large to be used as grave}; and 
these are v^ry commonly employed for the purpose of 
paving court yards of houses, and tlie streets of 
$mall towns.- Coxon^sx^ gravel is too familiar io 
need any description. Pebbles of the smallest di- 
iiiension& ccmstltute coarse sand. 

The gravel immedi^ly rouod London ap^^ears to 
<;oxi9i3t almost entirely of tbte black fiint met wiih m 
the neighbouring chalk fiteata: the pebbles ajre m ge- 
nj^ral v^y ujqi,i|Df mly woriv aiad have ta a greater ^or 
Iqs« CHtent. lost the characteristic black colour of the 
^iot from which they are dertved; bul sufficienHy 
correspond with it. to shew the identity of their 
nature^ 

T1)A gravVel rounid about Wiodsiar and Maideoheac^ 
consists also, in a great measure, of the flint of the sur* 
rounding chalk hills ; very much discoloured, but not 
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much worn. It appears however that that part of 
this gravel which is nearest the surface is not of 
tb^ nature of flint, but in its texture resembles a 
highly indurated sandstone : and it is observed that 
these pebbles are much larger than the flint peb- 
bles ; and though considerably harder are much more 
unifoimly rounded. They have probably therefor^ 
been conveyed from a greater distance ; and judging 
from their relative situation, for they are found near- 
est the surface, they have been deposited more re- 
cently than the flint. It is worth observing that 
pebbles of this kind are met with in almost every 
part of England. I have collected them from very 
different points along the course of the north road, 
both on the eastern and western side of the island ; 
from Nottingham, York, Durham, Edinburgh, La- 
nark, Carlisle, Chester, Shrewsbury, and Worces- 
ter : and have observed them in many other parts. ' 
The gravel met with immediately round Oxford 
consists principally of small siliceous pebbles, many 
of wliich are flint, mixed with worn fragments of fos- 
sile calcareous shells, and brown iron-stone : the pre- 
sence of all these substances is accounted for by the na- 
ture of the surrounding country ; the limestone of that 
district abounding with fossile shells, and many of 
the neighbouring hills consisting either of chalk con- 
taining flint, or of ferruginous sand containing brown 
coarse ironstone. 
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Tripoli. 
Specific gravity 2,2. 

Silex 90 

Alumine . • . • • 7 
Oxyd of Iron • . . 3 



100 



This substance was originally so called from, the 
town of the same name in Barbary, from whence h 
was commonly imported : but the name has been ex- 
tended to similar substances in different parts of the 
world. The opinions respecting its nature are va- 
rious; some supposing it to have arisen from the de- 
composition of porphyry or jasper ; others, from ba- 
saltic rocks. Saussure conjectures that it is a very 
fine sand washed and deposited by water; and 
Wdlerius describes it as a kind of fine sand-stone. 
Any siliceous substance reduced to a sufficiently mi* 
nute state of division may be used instead of, and 
hence is often called, tripoli : this is the case with 
the Totten stone of Derbyshire. 

It is sometimes imitated by calcining and reducing 
to powder certain varieties of slate. 

Lava. 

According to Mr. Kirwan this term is derived from 
Ihe gothic word lauffen^ to run. 

Lava often resembles porous basalt ; but it is im- 
possible to define a lava accurately, because not onlj 
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different volcanoes bat even the same vplcanoes pro 
dace different lavas at different times ; tlie internal 
fire periiaps taking different directions^ and acting 
on dtfTerent substances. 

Many lavas affect the magnetic needle* 
A lava analysed by Bergman gave the Ibllmving 
results : 

Silex 49 

Ahxrmne SS 

Lime •...•• 4 

Oxjd of Iron « . • ^ < 12 

Umy dark coloured lavas become whrie^ in coi^ 
sci^iitence of the neighbourhood of acid sulpliOfeou^ 
vapours ; for these^ acting on the iron and day coih 
taLoed m the lavas^ forna sulphate of ainnHne and of 
iro» ; which being afternacda washed away,, the kLva 
leumins while. Some lavas are natuvaUy while^ 
Lavas oftei^ tindtergo a concentric disiiilfegratiOQE^ afteir 
the manner of some whinstones. Dolomieu say^ that 
he baa seen» io the rinns of ancient Rono^ blocks of 
granite and porphviy undergoing a similar disiiiitegrsh 
tion from the action of the weather. 

Almost all lavas undergo disintegration by exposure 
to air; but tlie time required for this efl^etis v^vy dif- 
ferent in different instances. Some are decomposed 
in aa age or two^ : some, not under a thousand yt^ars. 
Heace many occasions of £ftlse judginenl^ have arisen 



> 
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with respect to the length of time employed in the 
accumulation of soils that have been formed by the 
disintegration of lava. This observation, which Do- 
lomieu ifirst made, has been confirmed by Spallanzani 
and others: and Spallanzani exposes the enors which 
Brydone and Count Borch fell into relative to the 
age of the earth, by computing from the depth of soil 
which had been accumulated from disintegrated lava; 
the process advancing by no fixed ratio. Thus Count 
Borch mentions a lava which flowed in the year 
1 329, on which soil had accumulated to the depth of 
eight inches; while on the other hand Spallanzani 
mentions a lava which rushed into the sea in the year 
1320, but still preserves in every part its hardness 
and sterility. 

Those lavas which are the lightest and least vitri- 
fied, and at the same time contain the greatest pro- 
portion of alumine and oxyd of iron, are the most 
easily disintegrated : and where the proportions of the 
constituent parts of a disintegrated lava are such, as 
to be capable of retaining a just portion of moisture 
for the longest time, the fertility of the resulting soil 
is greatest Nothing can be more fertile than the 
fields of Catana, and all the base of Etna. 

The lava of Vesuvius is used in paving the streets 
of Naples ; and according to Winketnian the streets 
of ancient Rome were probably paved with the Same 
substance. 

Volcanic eruptions do not invariably produce lava* 

VOL, II. E 
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Tb^ volcanoes of Quitp, the flames of wbiet) are 
apmetimes elevated three thousaad i^t, have nev;^ 
produced a single drop of running ]av$^ They send 
forth water, inflammable air, dirt, and i^lay ji^ipr^^ 
oated with coaly matter. Similar muddy, ^tiptioM 
Qcoasipnally take pl^ce in other volcano99 alap^. 

Puzzolana. 

Pulvi^ Puteolanm ; of Pliny : so cc^ed from Ptt'- 
teoli, where it it was found in great abundance. 

Puzzolana, so called from Puzzuolp, or Pozzuolo, the 
ancient Puteoli, is not a disintegrated lava, as some have 
supposed ; but a species of argillaceous earth or stone 
that has probably been calcined or baked, and then 
ejected from the volcano. According to WinHelmaait is 
sometimes of a black, and sorqetimes of a red colour : 
the black puzzolana, which is the heaviest and con- 
tains most iron, is used for constructions under wa- 
ter* at the present day, as it was in Pliny's time. 
•^ Pulvis Puteolanus mersus protinus fit undis upus 
*' inexpugnabilis lapis, fortior quotidie f ." 

Neither the black nor the red puzzolana are found 
in any other parts of Italy than the neighbourhood 
of Rome and Naples. 



# Vtd* 'tbe artV^le Limestone of a light blm colour^ y^\. 1. 

p. so. 

f Ndt Hist. irol. vi. p. 172. e«l. Bret. 
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Rapillo Ner$. 

Fragments of black lava are called at Naples ra- 
prllo nero to distinguish them from fragments of 
pumice which are called rapillo bianco. Winkelman 
supposes the word rapillo to be a corruption of la- 
pillo : so the old English word sterre is derived ap- 
parently from Stella, by a similar corruption. 

Trass or Terr ass. 

This substance is met with in the vicinity of the 
Rhine, near Frankfort and Cologne &c. ; and is tliere 
called tuffstdn^ which may be rendered tufa or vol- 
canic stone. It does not however appear to be a 
volcanic production, but derived from basaltic rocks. 
From that part of the Rhine it is commonly imported 
into Holland, and from thence distributed over Eu- 
rope. It is much used as a substitute for puzzolana. 
Artificial terras is made by burning clays or slates 
that abound with iron, and then grinding them to a 
fine powder. 

Tumice. 

The description which Pliny gives of this substance 
is remarkably accurate : " Non prs&termittenda est et 
^^ pumicum natura: laudatissimi sunt in Melo, Ni- 
'^ syro, et JEoliis insulis. Probatio in candore mi- 
^' nimoque pondere, et ut quam maxime spongiosi 
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" aridique sint, ac teri faciles, nee arenosi in firi- 
" cando *.'* 

Pumice is fusible, as might be expected from ite 

origin. 
Specific gravity about 0,9. 



Silex • . • . 


77,50 


Alumine . . . 


17,50 


Oxyd of Iron 


0,02 


Potash and Soda 


0,03 




95,05 Klapr 



The following account of pumice is collected al- 
most entirely from M . Dolomieu, and is principally 
applicable to the pumice of Lipari. He suspects 
that pumice is a vitrified granite or gneiss; for he oc- 
casionally met with particles of mica imbedded in it ; 
and, in a few instances, found even pieces of granite, 
the characters of which were well defined : and h« 
observes that it cannot like other lavas be referred to 
the fusion of argillaceous schistus, or porphyry ; be- 
cause it is essential to pumice to contain no iron, 
which those substances contain in considerable abun-^ 
dance. 

He adds, that the kaolin of Alen^on, which is a species 
of granite; the granite of the Pyrenees ; and that on 
which the Czar Peter's statue stands in Petersburg; and 

 Nat. Hist. lib. xxxvi. 
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also the petuntz6 of Limoges, employed in the fabri- 
cation of the Sfeve porcelain, all produce a white fril^ 
because they contain no iron : and since this frit 
might be converted into glass by an increase of heal^ 
he supposes that as the silky filaments of pumice are 
perfect glass, and contain no iron, the heat of the 
Lipari volcanoes have acted upon granite : and that 
other volcanoes produce black or red lava, because in 
them the heat has acted on schistus, and porphyry 
&c., which contain iron in considerable abundance. 
Pumice therefore, according to the fore^ing account, 
may be considered as a loose vitrified lava entirely 
devoid of iron. 

The pores of pumice when observed in the undi- 
vided mass are always in the direction of the current 
of the lava of which the pumice makes a part : in 
proportion as it is nearer or further from the surface; 
the pumice is more or less porous ; and the lowermost 
part of the bed is generally completely compact and 
passes into the state of a dense glass. In some spe- 
cimens the complete transition from the one to the 
other state may be traced by very delicate gradations. 

There appears to be the same relation between 
eompact and porous pumice that there is between^ 
compact and porous lava; the inferior part of a bed 
of lava being always compact ; the superior, porous. 

Most of the pumice of commerce comes from the 
island of Lipari. It is used in polishing various sub« 
stances. 
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arendalite 
argeDtine felspar 
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armenian stone 
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basanite 

bath stone 

beilaria Tiburtina 
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beryll 
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bitumen 
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copperas, blue ii. ^ 
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fibrous 
gladale 
granular 



 ■* I 



w^^ 



1. 
I. 

i. 

1. 



65 

6fi 
62 



•  m » «  



4>f Montmartre i. £l 

speculare . i. 66 

dbservatioos PQ i«. 69 

H 



bamniites 



i. 26 



hardness of minerals int. xxxii. 
heliotropium i, £10 

Helmontii^ ludus i» 33 

hematite li. 171 

hone-stone i. £16 
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- cromate of 
glassy ore 
green ore 
molybdate of 
muriate of 
native 

native oxyd of 



i. 160 
i. 38 

i. 244 
i. 215 
i. 113 
95 
95 
31 

129 
136 
ii. 143 
ii. 13& 
ii. 141 
iL 139 
ii. 145 
ii. 129 



II. 



— -— native vitriol of ii. 140 
". oohre ii. 138 




INDEX. 



lead phosphate of ii. 141 
potters' ore , li. 13Q 
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i. £40 

ii. 146 



tip, analysis of tinstone ii« IS I 

tin, native oxyd of ii. 147 
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Errata in Vol. 1. 

?ag. 32. lin. 8. for " its nature/' read ** the nature of the coloaring sub* 
*« stance*" 

JPag. 51« lin. 18. for '*. 101* 3(f and 78* 3(f," read " 101* 5t' and TS* 28'." 

Fag* 5f* Hn. B, for ** which is not a natural rwnety" read <* which is an acci* 
*' dentaliform of a natural variety ." 

Pag* 74. lin. 10. for " it does not," read ** this propertjr does not/' 

Pag. 88. lin. 12* for « almost/' read « exactly." 

Pag. 184* lin. 26. for «« tenacity/' read " tenuity/' - 

Pag. 221. lin. 21. for *• the eyes of different animals/' read " eyes of different 
«* colours/' 



Errata in Vol. % 



»» 



Pag. 25. lin. 21. for « Sulphate of iron/' read " Sniphuret of iron.' 

Pag. 35* lin. 5. for <* those substances acquire/' read " those substances when 
*< unpolished acquire." 

Pag* 46* lin. 3, for " legnite/' read ** Ugnite/* 

Pag. 79. lin. 21. for "Sulphurets of Copper/' read ** Metallic Snlphu rets/' 

Pag. 98. lin* 22. for ** in the ^eastern extremity/' read ** at the eastern base/* 



Errata in Appendixm 

Pag. 37* lin. 2, for " S«vc," read " Se?rei." 



